ie 


JOURNAL OF 
AUGUST 1957 


ame 


ttt 


of 


Bitty 


~ 


« si 


All it takes is practice! 


I} skims the edve of the ou blame TMCA has accumulated a great deal of pertinent cx- 
perience and practical data which are available to you 


When that ball 
wife OF a 


raf eath putter reen 
on request Extensive research facilities can also expedite 
pe ial investigations to answer your specific question 
IMCA has a selfish reason tor helping you “sink the 
ed hot” whenever a technical challenge arises. Our Techn 
h strenvth cal Service Department is anxious to discuss your ipp! 
cooperate in the establishment of routine 


tec hniques for this outstanding 


both heat and cation and 
id finishing fabricating and joining 
other en engineering metal now priced competitively 


«FIRST IN Titanium 


TITANIUM METALS CORPORATION OF AMERICA, 233 Broadway, New York 7, N.Y. 


i 
orrosion. Titanium ftabricatin on 
tice no more dill tu for n 
metal but they re different 
“eee 


METALS 


Published to provide a continu 


ing, Guthoritative, and up-to 


Al COVER 


date record of technological, 


engineering, and economic pro 
“4 Steel—-from cast billets to finished sheet—is depicted by artist Irene Trivas on this 


ress in all branches of the industry by the Met 


month's cover A special section on continuous casting starts on page 1045, and the 


allurgical Society, American Institute of Min | theory behind cold rolled steel sheet is presented on page 1034 
| 


ing, Metallurgical, and Petroleum Engineers 


29 West 39th Street, New York 18 


FEATURES 


EDITORIAL STAFF 1010 AIME NEWS 


Personnel 


RIXFORD A. BEALS Books 1016 Personals 1081 
Editorial Director 

& WESTON STARRATT Reporter 1023 Coming Events 1084 

Associate Editor Editorial 1031 Advertisers Index 1084 


JAMES BURKE 
FRANKEL 
Assistant Editors 


ASME Lists Available 1957 Nuclear Congress Paper Preprints 1016 


M. SNEDEKER 
Production Editor 


ARTICLES 


Engineering Enrollment Report 1033 


ADVERTISING STAFF 


Making Better Steel Sheet: How Metal Behaves 


»RACE PUGSLEY Production Manager il 
n H C Rogers 1034 
SEWING hast. Prod. Nas During Cold Rolling 
THOMAS G ORME Seamless Tube Plant Opens in Canada 1040 
Ww 39th S New rk N.Y 
Nucleonic Radiation Gage Control 104) 


Eastern Advertising Manager 


Gettin 1042 
Unionarc Process Features Magnetically Coated Rod 1044 


Functional Testing of Cold Reduction Lubricants 


BOB WILSON 
Millard Ave.. Fox River Grove, il 
Western Advertising Manager 


METALLURGICAL SOCIETY OF AIME CONTINUOUS CASTING 


Kinnear Presider 
A W. Thorntor Past-President | Continuous Casting: Review and Outlook R Easton 1045 
Continuous Casting Research in the USSR 1049 
METALLURGICAL SOCIETY BOARD 
Continuous Casting at Atlas Steels Led 


Austu rt Ke 
T Moarst 


LF. Barn dt » stock ind Wt Porter 1050 


Economics of Continuous Casting 
in a Converter Steel Plant J). Savage and J. S. Morton 1052 


H B Emerick 


SOCIETY PUBLICATIONS COMMITTEE 


Aust » Fitterer 


TRANSACTIONS 


Continuous Casting of Three Types of Low Carbon Steel 
Jaick L E. Kraay, and M. Tenenbaum 


TECHNICAL NOTE: Sigma Phases array. 
Osmium and Iridium vitt and J 1072 


COMMITTEE CHAIRMEN 


Nominations for The Metallurgical Society 
Directors in 1958 Are Announced 1074 


The AIME Also Publishes 
Minin Er pineering 


f Petroleum Techr logy 


| 

| 

| 
DIVISION PUBLICATIONS | 

| 

| 


AUGUST 


1009 


1957, JOURNAL OF METALS 


| 
2 
= 
| 
| 
1073 
| 
| 
| 
| 
| 
| 
Pie 
sort 
1057 
HoH 
f 
t nd Cent 


eens cation. The applicant agrees, if placed in a ° 
PERS 0 N N FL position by means of the Service, to pay the | Additional classified advertis- 
placement fee listed by the Service AIME | ing appears on pages 1011, 
- members may secure a weekly bulletin of ' 1012, 1014, 1015 and 1017. 4 


positions available for $3.50 a quarter, $12 o 
yeor 


—_—POSITIONS OPEN——— 
MEN AVAILABLE— 


sonnel Service, tne Agency) operating in Metallurgist for product deve lop 
cooperation with the Four Founder Societies N j ‘ iw t I ren ment. under 35, metallurgical de 


| HE following employment items are made 
available to AIME members on a non 
profit basis by the Engineering Societies Per 


Local offices of the Personnel Service are at ' develo nt } \ yund ree: experience required preferably 
40th St, New York 18 100 Farnsworth dynat ry Will assist in 
Ave, Detroit, 57 Post St. San Francisco, 84 and ot cal roe culation of 
E Randolph St, Chicago Applicants should llurgy ole developn Activitie 
address all mail to the proper key numbers in ont Strons vil 
core te Vers ond inciede se! & laboratori market analysi ales 
im stamps tor forwarding and returning appli der or o ! di ist ) nd engineering department also 
ustome contact Salary commen 
irate with background and ability 
Location Pa W5173 


PATENT ATTORNEY 

Metallurgical Engineer, with at 
least five years ore dressing exper! 
ence on tin. ore Duration ix 
nonths. Salary, $1000 a month plu 


(Continued on page 1012) 


MME ATE JPENING 
CRUCIBLE STEEL COMPANY OF 
AMERICA 


Centra 


Pitt 


CERAMIST 


aire 


METALLURGISTS 


Relat 


Mr Hers 
10451 W. Jeffer 


CRUCIBLE STEEL COMPANY HH 
OF AMERICA HH son © vard, Culver City RESEARCH METALLOGRAPHER 
P.O. Box 88 
Pittsburgh 30, Pennsylvania 


EXTRACTIVE 
METALLURGISTS 


The expanding programs at Armour Research Foundation offer an lca al 
exceptional opportunity for a highly qualified extractive metal 
lurgist who possesses an interest in and knowledge of modern 
research methods. This assignment offers compensation that 
matches your qualifications; research activity that challenges 
your imagination; in addition to an excellent opportunity for pro 
fessional and personal growth. Prefer person with B.S. degree MMEDIATE OPENING 
and several years practical experience or equivalent advanced CRUCIBLE STEEL COMPANY OF 
Liberal benefits include tuition, free graduate study, plus PRTRAIEN, Penmayarna 
generous relocation allowance. Write to 


UTICA DROP FORGE & TOOL 


KELSEY-HAYES CO 


MECHANICAL ENGINEER 


eri net 


A. J. Paneral Should 


ARMOUR RESEARCH FOUNDATION 


of Illinois Institute of Technology 
10 West 35th St. 
Chicago 16, Illinois 


1010 JOURNAL OF METALS, AUGUST 1957 


rt mst } 
gists to contribute to the 
j } t kor nad ‘ 
j j nd 
try rect j engines j pr in semiconductor 
‘ materials. An M.S. or Ph.D 
: vy patent w Research Laboratory 
howeve imbent must deqres n meta EEE<burgh, Pennsylvania 
to work well with ott physics is required plus a 
) knowledas the Regus advanced degree nm ceramics 
P experience ferest in r phy cher try ipled with at 
Potent Law area st ten year experience in refrac 
germar pry cor or tor wder met way magnet 
f wi ter et to direct challenging re 
jrution ity cor infra-red techniques. Salary h probler n these freld 
ratvwr rey be trea nd resume ir nplete nfidence 
mmrner thy tre 
wt edu tional and experience. For further 
Pitt Penr 
er nd nformation write J.C. Ros« 
{ 
} 
f ions 
tory 
ten 
ngines 
Mint t t years expernence 
type teat Apt 
‘ photor py 
ent ‘ Wy 
‘ fit ‘ re eto HA 
Personne epartment 
xper 
ea f ten year 
ence nent f netal 
working pr . equipment. Con 
pete har , engineers a 
the working f meto 
Mr Mortin 
Pittsburgh 30, Pennsylvania 


HOME OF 
LEADERSHIP 


Our buildings are too young to be 
covered with ivy—this is also true of 
our staff, our ideas, and the problems we 
work on. What’s old fashioned about 

us is our ability to talk about what 

we are doing (most of it) with our 
professional friends and each 
other. Why not talk to us 
about the scientific and 
engineering positions avail- 
able in this congenial and 


informal atmosphere? 


Aigonne 


NATIONAL LABORATORY 
rer 


Inquiries Invited 
METALLURGISTS * CHEMICAL ENGINEERS 
MATHEMATICIANS * PHYSICISTS * CHEMISTS 
METALLURGICAL ENGINEERS * MECHANICAL ENGINEERS 
ELECTRICAL ENGINEERS * HEALTH PHYSICISTS 
PLANT ENGINEERS * INDUSTRIAL HYGIENISTS 


Professional Personnel Office « P.O. Box 299 © Lemont. III 


hy 
— 
2 
r \ wie 
rg 
j 
= 
; J K 4. 


Personnel t least f temperature conditions, ete. Salary 
| both fe per Locatior eastern Pennsyl- 
Senior Metallurgist, t} pt j e of ‘ eat t and Connect 
S,000 a ear plu expense 
ra ina i ‘ W5129 
! i nee ! ‘ ! na? pre ire and 
Manufacturing Executive, to about 
il 10 year iduate echanical, wit 
etaliurgists experience, at executive level it 
neay ! ctalworku plant KNOW! 
oft meta tee! ind 
. Miu t have lf ae elop 
owder Metallurgists mg end improving methods and 
equipment nhould have nterest 
nd so contact with ndustrial 
ale ind irket development for 
career openings at IBM technical products. Salary. $30,000 
t to $35,000 a year plus bonu Loca 
Airborne Computer Laboratory at Product Development Laboratory at : age 101 
Owego, N.Y. A new | reated Poughkeepsie, N_Y., offers carcer op . ied on pag ‘ 
pore portur to Powder Metallurg ! 
hing 1) A M rPh.D).in Meta r 
ments, offers gical | Must have 4 to 5 RESEARCH 
b ny x] ilsjand 
urate: with exp th METALLURGIST 
wien p nd apy n of 
pr | i ur metal par ind for 
al electronic and hit ponent EXTRUSION 
and ex Write, outlining qualifieations and ex 


Write, ou ning qualifieatior 
penence to 

Mr E. Strohm 

Awborne Computer Laboratories 
IBM Corp., Owege, N. Y. 


periene 
Opportunity for mechanical 
metallurgist to do basic 
research in flow of 
metals during 


Mr. C. R. Chase 

Product Development Laboratory 
1BM Corp., Boardman Rd, 
Poughkeepsie, N. Y 


IBM's Advantage extrusion 
eo M ae and travel 
bet Company -sponsored research 
© TM's lab personnel has increased 500%, in the last five year using excellent experimental 


INTERNATIONAL BUSINESS MACHINES CORPORATION 


Write or Phone 
W. A. Johnson 


Associate Director of Research 


Permanent Positions wi 
EXPANDING 


THOMPSON PRODUCTS, 
INC. 


X-RAY Liberal salaries and em 


benefits 


METALLURGY 


Preterred 
Phase 


Transformation, and spe 


Orientation 


Identification 


ial problems 


PHYSICAL 
METALLURGY 


Alloy 


stitution 


Development, Con 


and properties 


MECHANICAL 
METALLURGY 


Development ot metal 


working techniques and 


orrelation with properties 


1012 


JOURNAL OF METALS 


ployee 


Locations 


Southern Connecticut and 
Midwest 


We are interested in ap 


pleants at all levels of 
ape rience 
Write t 
Mr T F. Burns 


Employment Manager 


BRIDGEPORT 
BRASS CO. 


30 Grand St 
Bridgeport 2, Conn 


ORGANIZATION 


In non-ferrous products 


excellent oppor 


tunities for advancement 


PROCESS 
METALLURGY 
Pilot development of new 
alloys and processes, spe 


cial orders, quality control 


PROCESS 
ENGINEERING 


Mechanical and economic 


AUGUST 1957 


aspects of non terrous 
strip, rod, and tube mill 
operations 
A's 


23555 Euclid Ave. 
Cleveland 17, Ohio 


CRUCIBLE STEEL COMPANY OF 
AMERICA 


METALLURGIST 


c 
7 
| 
i 
: 


YOU 
NAME IT! 


i all to ELECTROMET places in- 
osal the alloys all 


the all you need, It’s the quick, 


it on ir¢ ck ndable 


Ol wmhateve you need 


a tre Important facts about 


LECTROMET's products and serv- 


ices. Get our Catalog: “ELECTROMET 
lFerro-Allovs and Metal 
Write ELECTRO METALLURGICAL 


COMPANY, Division of Union Carbide 


Corporation, 30 East 42nd Street, 
Ne York 17, N.Y. dn Canada: Electro 
Meta irgical Divi ion of 


Limite d, To- 


VETALS DO MORE ALL THE TIME 
THANAS TO ALLOYS 


Electromet 


FERRO-ALLOYS AND METALS 


WE HAVE IT! More than 100 aitterent 


ELECTROMET. A ft) 


AUGUST 1957, JOURNAL OF METALS—1013 


a 
$ 
af 
3 ‘on 
i. 
. 
~ 
a 
. 
‘ 
Union Carbide Canada 
ad erer 
UNION ind read immediate delivery at 
Pungests (a ('olumbiu 7 


F. G. Stengel, metallurgist at the Bettis Atomic Power Division, shown with the weld-conditioning box described on 


opposite page. He is examining the surface of a typical consumably-melted ingot prior to weld-conditioning. 
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METALLURGICAL PROCESS DEVELOPMENT 


Weld-Conditioning of Reactive Metals 
for Nuclear Applications 


This close-up shows ingots before and after new weld-conditioning 
process. Note the difference in surfaces. 


‘ 5 


A new weld-conditioning process for reactive metals 
used in nuclear applications has been developed in the 
metallurgical laboratories of the Bettis Atomic Power 
Division. 

F. G. Stengel, Bettis metallurgist, first developed this 
process as part of a development program for the 
improvement of processes and techniques associated 
with fuel element fabrication problems. The process is 
designed to produce a sound and high-quality surface 
on ingots of materials used in reactor cores without 
sacrificing any appreciable amount of the expensive 
and critical alloys involved. 

In this process, ingots of Zircaloy, hafnium, or uranium 
alloys are mounted inside a specially-designed weld 
conditioning box. The apparatus must be vacuum-tight, 
because the materials being processed are highly reactive 
to the atmosphere. All of the driving mechanism (ex 
cept the motor) is inside the box. Prior to weld-condi 
tioning, the unit is evacuted and back-filled with helium 


or argon to slightly below atmospheric pressure. As the 
ingot rotates, a tungsten arc is struck against the ingot 
sidewalland the electrode traverses the length of the piece 

This remelts the surface of the ingot to a controlled 
depth, eliminating the porous, unsound peripheral layer 
and making it ready for immediate use to meet the 
demanding requirements of nuclear reactors. 

Before this process was developed, the surfaces of 
these arc-melted or consumably-melted ingots were 
machined to remove this undesirable surface condition 

or fabricated directly to strip and then conditioned 
in an attempt to improve the quality. These methods 
reduced yields and sacrificed up to ten per cent of the 
original ingot weight. 

The weld-conditioning process as conceived by Mr 
Stengel originally was applied to laboratory-size ingots 
weighing up to 30 pounds. But the process including 
the size of the weld-conditioning box has been ex 
panded to include production-size Zircaloy ingots, 
weighing up to 1,000 pounds. Several of the commercial 
vendors who supply cladding material to Bettis use this 
same technique on the material they fabricate 

Mr. Stengel is a graduate of Massachusetts Institute 
of Technology, Class of 1952. He is presently assigned 
as a lead engineer to develop processes for the fabrica 
tion of fuel elements for a prototype reactor on the 
world’s first atomic powered surface ship. And, like 
many of his associates, he is continuing his studies at 
the University of Pittsburgh, under the Westinghouse 
educational assistance program. 

The weld-conditioning process briefly on 
this page is only one of the many types of challenging 
projects which metallurgists encounter at Bettis 
where you will find one of the highest concentrations 
of nuclear metallurgists in the country. If you are 
interested in working at Bettis with recognized leaders 
in the field of nuclear power, address your résumé to 
Mr. M. J. Downey, Bettis Atomic Power Division 
Westinghouse Electric Corporation, Dept. A-183, Post 
Office Box 146%, Pittsburgh 30, Pennsylvania 


BETTIS ATOMIC POWER DIVISION 


Westinghouse 


Next Month— Metallurgical Materials Application— Application of More Economical Materials for Nuclear Power Plants 
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Vacuum Stream Degassing 


proved production equipment that removes 


hydrogen from steel, improves basic physical properties 


Vacuum stream degassing is a practical method 
of refinement which improves the physical 
properties of steel... provides a better steel 
for not only critical machining applications, 
but for structural and plate products as well 
The elimination of hydrogen flaking — failure 
of worked surfaces to weld together in forging 
operations— means the elimination of rejects 
in raw and semi-finished forgings. Ductility of 
metals can be increased, and soaking pit time 
reduced up to 70°;, depending on ingot size, 
thereby reducing process time and inventory 
problems. The equipment is, therefore, a 
self-amortizing investment. 


Vacuum stream degassing can control the 
hydrogen content of steel to less than 1 ppm 
by removing gaseous impurities when the 


metal is in the molten state. 


This technique is not only an asset to the steel 
industries, but may also become a significant 
factor in the production of non-ferrous metals, 


especially copper and aluminum. 


Stokes offers a completely practical system of 
stream degassing. As illustrated, the furnace 
ladle is lowered onto and sealed to a vacuum 
chamber... or, if more suitable the ladle can 
pour into an intermediate ladle mounted on 


the chamber. The melt is tapped —flows 


Vacuum Equipment Division 
J. STOKES CORPORATION 


5500 ‘Tabor Road, Philadelphia 20, 


through a seal and is teemed into the ingot 
mold within the vacuum chamber. As_ the 
molten metal enters the vacuum, it disperses 
in a spray. Extensive surface area makes the 


degassing practically instantaneous, 


Broad experience in high vacuum processes, 
and in vacuum furnaces of all types, has pro 
vided Stokes with the background and abilities 
to serve the metal industries. Stokes is the 
first American supplier to install a major 
working system for stream degassing and 
therefore has extensive design and operational 


performance data, 


Stokes offers—A complete analysis of your 
specific needs Complete engineering of a 
degassing system to meet your requirements 
up to 250 tons capacity Complete fabrica 
tion and erection services for turnkey delivery 

The advantages of a vast accumulation of 
process information— and undivided respon 
sibility for performance. Complete Stokes 
vacuum stream degassing systems are sold 


without process royalty involvements 


Write for additional information on this and 
other Stokes vacuum system applications 
ask the Stokes Advisory Service for consulta 


tion on your job requirements. 


STOKES 


: 
. 
wa 
f 
4 
J q 
7 
* 
= 
Va bee 
. 
i: 


PROBLEM: 


How to get extra wear resistance 


high core strength and good 
toughness in impact mechanism of new power hammer 


SOLUTION: wicket attoy steel —Carburize! 


The parts shown in section above are the heart of the im- 
pact mechanism of Ingersoll-Rand’s new lightweight electric 
power hammer, 


They're made of 8640, a nickel alloy steel. By carburizing 
the parts, I-R gets a surface with extra wear resistance 
while retaining the very high strength of the fully hardened 
core to take the impact and stress of 2300 blows a minute. 


Piston, crosshead and both outer and inner spring seats 
are made this way. They can withstand terrific, continuous 
pounding and shock load with a minimum of wear... with- 
out deforming or cracking. 

Your requirements mia be altogether different from New electric power hammer !)\ Ingersoll- 
Ingersoll-Rand’s. But when you need a metal with the Rand, New York, N. Y., can be used for 
break ng concrete above), stone, macad- 
am for drilling, roughing, cleaning, 
cover practically every fabricating or service demand. aulking, sealing, chipping, seaming and 

dozens of other jobs. Unit weighs only 

Send us details of your application and we'll be happy 12 Ibs. and feat 


to help you. floating” piston 
THE INTERNATIONAL NICKEL COMPANY, INC. 


“extra” properties there’s a vrade of nickel alloy steel to 


ires an exclusive “spring 
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Developments In Continuous Casting 


The British Iron & Steel Research Association (BISRA) has announced 
the development of a new type of continuous casting machine which 
features a spring-mounted mold, as opposed to the more common recip 
rocating mold. It is claimed that the new machine is successful in ove 
coming the tendency of the cast ingot to rupture in the mold, Continu 
ous Casting Co. Ltd., a subsidiary of Davy & United Engineering 
Ltd. and Newton Chambers & Co. Ltd., is « xpected to manufacture and 
market the new equipment 

Elsewhere in the United Kingdom, Barrow Steel Works Ltd. produced 
for exhibition purposes, a 140-ft continuously cast billet at the remark 
able speed of 20 ft per min. The 2-in. square billet was shown at the 
International Foundry Exhibition at Dusseldorf. Barrow reports excel 
lent results casting mild steel billets on a modified Rossi-Junghans-ty pe 
machine 

signess of another type is the feature of aluminum billets beiny cast 
by the Halethorpe works of Kaiser Aluminum. Sizes up to 20 in. diam 
and 25 ft long are being cast on the two direct-chill casting machine 
built by the Loma Machine Manufacturing Co 

A special section on continuous casting starts In this issue on p. 1045 


W. R. Grace To Produce High Purity Silicon 


Compagnie De Produits Chimiques Et Electro-Metallurgiques, othet 

wise known as Pechiney, is to team up with W. R. Grace and Co. for 

the production of high purity, elemental silicon in this country. Under 

the agreement, the long established French chemical and metallur 

concern will export silicon made at its plants in France, while a plant 

is constructed in this country, thus enabling Grace to enter the market 


almost immediately. The agreement also covers any other processes for 


semiconductors that Pechiney might develop 


Two High-Speed Steel Mills Going Up 


U.S. Steel Corp. has recently announced plans for construction of two 


new high-speed rolling mills, one at South Chicago and the other at it 
Duquesne Works. The new facilities at Duquesne will include three 
rolling units; a 46-in. high lift slabbing-blooming mill, a 36-in, bloom 
ing mill, and a four-strand continuous 21-in. billet mill. Each of the 
mills will be fully automatic. The South Chicago mill, of semi-continu 
ous design, will produce slabs, blooms, beams, and structural shape 


New Devices For Mill Control 


Several new products to aid in quality control of mills of various sort 
are now being used. A Leeds & Northrup infrared analyzer is bein; 
used at a midwestern wire mill to monitor the protective atmosphere 
in a continuous annealing furnace. Consistently higher quality of the 
product Is the result 

Application of a punched tape system to control three-dimensional 
milling operations has been made at Martin’s Baltimore Div. The 
numerically controlled device is exp to save weeks of tool-setup 
and tool-change time 

Steel Co. of Canada has installed a cascade system for pr e temper 

ire control of its continuou t! 

are rapidly balanced by ; ! 


which resets zone temperature controlle 
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Nuclear Papers 


Cont ed 
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a vertical 
metallograph for 
the ultimate in 
versatility and 
photomicrography... 


PANPHOT 


Modern industry is called upon to test new materials and methods almost every week. 
The PANPHOT Metallographic Microscope is a highly versatile instrument designed 
for utmost efficiency, ease of operation, and long life. Material specimens, regardless 
of their size, can be observed from corner to corner in an upright position, 


« New vertical illuminator with rapid objective 
changing device. 
Low-power illuminator for photography speci- 
mens up to 60 mm. in size. 
Instant change-over from binocular observation 
to photography. 
Low-voltage lamp intense enough for photog- 
raphy, plus arc lamp and the highest powers 


of magnification. Magnification ranges from 
2x to 2000x. 


Vertical compact construction requiring mini- 
mum of space. 


&. L&ITZ, INC., Dept. JM-8 
468 Fourth Avenue, New York 16, N.Y. 


Please send me brochure on PANPHOT Metallographic 
Microscope 


Nome 


Street 


City 


©. Leirz, inc., 468 FOURTH AVENUE, NEW YORK 16, WN. Y. 
Distributors of the world-famous products of Ernst Leitz, Wetziar, Germany 
LENSES + CAMERAS + MICROSCOPES + BINOCULARS 
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ADVANCES IN 


brought into the 1957 NUCLEAR CONGRESS 


will be published in three volumes titled: HOT LABORATORY OPERATION 
AND MAINTENANCE 


By arrangement with the publishers, you can purchase this 
S-volume set from the ASME at a special pre-publication 
price of $35 provided your order is received by August 15th. 
Price after that date will be $45. 


[he two volumes covering Advances in Nuclear Engineering contain THE 1957 NUCLEAR CONGRESS 
the 125 papers with available discussion from the 2nd Nuclear Engi . , = 
neering and Science Conference of the Congress ; 


Ihe sixty two of these contributions which are in Volume I 
concerned with 


the other seventy-three articles, assigned to Volume Ul, deal with 


id heat 


The third volume's sixty-one papers pertam to 


A resume of the mites ontlook | 


livhts of the L956 meeting American Nu 


In brief, this S-volume set transmits to you a wealth of NEW = intormation for opening new avenues for the 


peaceful use of atomic development. So dont wait use this handy coupon Now to reserve YOUR set 


AMER. SOM MECH. ES 
\ ‘ 


St., New 
oring organizations 


the ASME 
» volume taining ted Papers From ti 
‘ 1957 i R 
hel 19 s 20 ss } 
eld Dece ) whict titled Advances in Nuclear Engi 
Hot Laboratory Operation and 
Maintenance at the ‘ it 


leredd wt 


tat 
t Selected Papers trom 
Ist Nuclear Congress Pree, § Pav 
‘ i receipt 


olume 


Address 
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The Morgan-lsley system offers you a better 
means of heating ingots with straight blast 
furnace gas, coke oven gas, natural gas or oil. 


The schematic shows the flow of combustion air and flue 
gases through the regenerators and soaking pit. The 
Morgan-lsley system employs vertical regenerators. It 
eliminates regenerator capacity under the crane runway 
thus freeing this valuable area for heating steel. 


MORGAN CONSTRUCTION COMPANY worcester, mass. 


BOLLING MLS MORGOIL BEARINGS REGENERATIVE FURNACE CONTROLS EJECTORS PRODUCED GAS 
Wood, Representative, Koppers Building, Pittsburgh, Pennsylvania 
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Order Your Copy Now 


THE PORPHYRY COPPERS IN 1956 


By A. B. Parsons, formerly Secretary, AIME 


ipplementing the author’s “The Porphyry Coppers” published in 1933 


itain Fund of the AIME 


y Copper properties in North 


in the previous volume 


Utah Copper Consolidated Coppermines 
Morenci Inspiration Castle Dome 

Nevada Con Chuquicamata Copper Cities 

Braden New Cornelia Bagdad 

Miami Copper Queen Yerington 

Ray Andes Silver Bell 


San Manuel 


288 pages: 3! photographs, 38 maps and drawings, 27 tables of data 


Sale Income and Expense, Ce fape Rate Financing, Government Con- 
vidends; Equipment I tesery rad f Ore and Concentrate, Recoveri 


Drilling, Mining, Concentrating, Leaching, Smelting, Refining, Transportation 


AIME, 29 W. 39th St., New York 18, N. Y ition of more than 260 individuals who have 


important roles in the story 


Send me promptly on publication The Porphyry Coppers in 
— xv Mining and Me rgical Engineer 
copy (copies $3.50 (AIME members only Mineral Economists. Inve 

copy ‘copies a 500 (nonmembers 

l enclose $ or bill me on shipment (AIME Members 


only 


Print name and address 


Price only $3.50, postpaid, to AIME members any 
where. Others, $5.00, plus 50¢ postage to foreign 


countries 
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long out of print. Sponsored by the Rocky Mow i! . 
summarizing the last 25 years of progress at the 19 Porphy i! 
Products 
tract 
loushes, 


orele oO 
PRODUCTS 


INSTRUMENTATION FOR 
RESEARCH, MATERIALS ELECTRON MIcROSCOPE 


CONTROL AND PRODUCTION 


X-ray Diffraction Equipment 
X-ray Diffractometers 

X-ray Spectrographs 

X-ray Thickness Plating Gauges 
X-ray Absorption Apparatus 
X-ray Crystal Analysis Units 
X-ray Tubes and Rectifiers 
X-ray Cameras, Sample 
Spinners, Pole Figure Devices 
and Accessories 


Autrometer—24 Channel 
automatic Element Analyzer 


X-ray Custom Built Equipment 
for Special Applications 


Geiger, Proportional, 
Scintillation and Flow Type 
Detectors 


Electronic Circuits for 
High Speed Detectors 
with Pulse Height Analyzers 


Decade Scalers and Ratemeters 


Electronic Timers 


SIMPLIFIES TECHNIQUES, USE AND MAINTENANCE 
Line Voltage Regulators 

The new Norelco EM-75B, a magnetic electron microscope of simple and 
Radio Compass Controls unusual construction, bridges the gap between light optics and the highest 
Electronic Testing Equipment extremes in image resolution. The remarkable resolution which this instrument 
offers, introduces the light microscopist to a new field of highly detailed micro 
Electron Microscopes scopy at enlargements ranging from 1,200 to 12,000 diameters under direct 


Electron Diffraction Equipment Observation 


q A new astigmatic compensator affords higher resolution approaching the high 
Emission Microscopes 

resolution quality of larger, expensive and complex models. New provision 
High Voltage Generators such as flat plate camera and binocular viewer permits useful enlargements to 


100,000x. Electron diffraction patterns for chemical identification of the ma 
Contact Microradiographic 


Equipment terials under observation may now be obtained without changing the specimen 


position 


Gas Liquefier 
Called the “work horse” in electron microscopy, the moderately priced 1 M-75B 


High Pressure Equipment is designed for maximum productivity. It may be installed in a relatively small 
laboratory space and is also ideally suited for mobile use — requiring only an 
tnductrtat aiid Cypment electrical service outlet. It is rugged, require no water cooling and has no 
industrial X-ray Fluoroscopes electron tubes. Maintenance is thus reduced so as to become a negligible con 


sideration. 
industrial image Intensifiers 


with Closed Circuit Television 


PHILIPS 


Instruments Division 


Ad 


In ¢ anada: Scientific and Industrial Division, Philips Industries I imited 
Beentelifle Road, Leaside, Toronte | 
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Shock wave around a simulated missile at Mach 5.0 


SUPERALLOYS for supersonic performance 


We develop them. And through modern vacuum melting produce them 

to the closest possible limits of chemical control and uniformity of mechanical 

properties for use in such eritical components as aircraft turbine blades, 

buckets and skin material for missiles and rockets. UDIMET 500, one of 

our well established vacuum melted alloys, combines unsurpassed 

stress-rupture life with excellent ductility and fatigue strength in the 1200°F 

to 1800°F range. At 1200°F, for ¢ xample, its tensile strength is 180,000 psi 
at 1600°F, 100,000 psi. For further information concerning 

application i of these supe ralloys to your product 3, write to address below. 


VACUUM MELTING 
provides these properties 


. High temperature 
corrosion resistance 


Increased ductility 
Extreme cleanliness 
Precise chemwal control 
Longer stress-rupture life 
Increased tensile strength 
Ketter fatigue resistance 
Greater yield strength 
Greater impact resistance 


Greater creep properties 


TICA METALS KELSEY-HAYES 


A OROP FORGE & TOOL DIVISION < KELSEY-HAYES 
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ROCKINGHAM ROAD 
DAVENPORT, 10WA 
World's largest producer of secondary nickel alloys of certified analysis 
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comple NO cee pepresenting 50,0008 wet alloy 
has bee” coretully and repo"' ove onalys'® os follow® 
Net wi cr Cc $i yn 
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1320 60.19 1u.83 28 258 15 
3 1255 60.94 1.97 3? 
2 1316 60.87 14.82 290 
1268 60.9% 14.88 261 19 
uo 1274 60.41 15.19 
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u6 1304 60,41 La. 8 230 256 255 
LO 1266 60,06 15.2) on 
1329 69.97 02? 296 
42 1298 60.41 
1252 60.32 1.92 1) e 
13% 60.34 14.99 299 
(continues on 2) 


Engineering Enrollment Report 


E NROLLMENT of both undergrad iate and gradu- 
mineral : ring students | . roxi- Engineering Student Enrollment 


appl 
year to a total of 12,830 Undergraduates and Graduates 


enrollment climb 
ncreased by about 2 pet Ap- 
in enrollment the othe: 
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1951, and freshmen enrollments have 
ince 1950 
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y the Journal of Eneineerin 
“ducation through T. A. Read, head of the Dept of 
Vining and Metallurgical Engineering, University of 
not otter i Illino 
potent 
Reference 


Undergraduate and Graduate Engineering Enrollment in 225 Schools in the U S$ and Canada, 1956 to 1957 


Ve Total f,rand 
schools (Courses . soph Junior A Others t ndergrads Student Total 
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Making Better Steel Sheet: 
Metal Behavior During Cold Rolling and Aging 


The rolling mills were running for many years before 
metallurgists addressed themselves to the problem of what 
was actually happening. Now, the correlation of modern 
theories of dislocation, and strain-aging with the effects of 
mechanical working give new insight into the design and 
practical use of cold rolling facilities. 


Condensed from an article by H. C. Rogers 


M: CH yj ‘ hus been mad n recent eul rial propertise uch a train hardening, are thought 
toward ‘ sil ou nowled the fund: to result from 


Dislocation picture of yielding and 


lislocation interaction 


Modern dislocation theory can account in a rea- 
sonable, quantitative manner for most of the ob- When most metals are stressed, they begin to 
served characteristics of plastic deformation. tically deform in a homogeneous manne the 
I! i te ‘ t i etal lie loud mece ary to cause further deformation increa 
bod the | eh e } e and shape ing as the prior deformation increase However, 
nd if the stresse ire } enough. there may be ertain metals and alloys, notably tron and steel 
me } the ‘ are ine aid to exhibit a yield point and to strain-age 
i ite " ils to permanent change When such a metal is deformed, the load increase 
hape } beaver leula 1 a in that a s] ipidiy with increasing train, then the load id 


to a lower value inder which the metal 


» deform for some time before the load 


rises again, continually rising until the metal be 
ns to fail. This is known as the yield point. If the 


point after the 


euch 


tenth 


+) 


1000 


Return « 


tin-aqing 


i 
ors ad On an atomic scale, yielding and strain-aging in 
| ealed mot he , iron and steel result from the interaction of disloca- 
tions and interstitial atoms. Strain-age hardening 
ftir it is a precipitate formation at dislocation junctions, 
resulting from the diffusion of interstitial atoms. 


Interstitial atom ich as carbon ¢ nit er 


ti if dislocat ! vher tre rmiate 


H C ROGERS is with Alloy Studies Research, General Electric accommodate ne inte bia t \a ! 
Research Laboratory, Schenectady, New York. Paper presented at te titials concentrate round tl e be 
AIME Annual Meeting, New Orleans, February 1957 lattics pacit omewhat lars t} il he 
The complete, fully annotated version of this paper is available If a shea tre applied to a dislocation with a 
from the General Electric Research Laboratory, Schenectary, New cloud of nte titial / ind it t can no lor 
York 
move and multiply at the level of st I 
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mentals of plastic deformation. However, there is a 
lag in the understanding of the base prinapkes 
ofl ne utomic d unce would occur by the mul 
faneo wement of all the atoms on one dk 
instable of? h one before 
stable site. This requires a stress of about one @@formation is interrupted at some 
f the shear modul Unfortunately. shear strenes metal through yielding and is then restressed at 
euleulat fo perfect te re 100 to ome later time it ma again exhibit a yield point 
times that measured f eal bulk erystal Whether it does or not depends on the length of the 
It concluded that real « tale are imnerfect interruption. HED! the yield point is known a 
it a time from their normal sites, rather than all th ee 
story ene thy lit rie be trau trie rn att ind the W he at 
hifted © ible amount f tin interstitial carbon or nitroger iton diffusu 
ne con oct hve ce multinlient ve ough the ittice find I t i ocation core 
mere much rain when stays there that 
| 
trapped. Fach tom plane leo thy j location 


ELONGATION 


Fig. 1—A typical load-elongation curve for mild steel 


would have activated it normally, because these 
atoms cannot diffuse rapidly enough to follow the 
lislocation. Thus the dislocation is pinned. As the 
tre is raised, a point is reached where the disloca 
Once free of 


he cloud, the dislocation acts as was described pre 


tion will break loose from its cloud 


\ isly, and considerable plastic deformation take 
place because of the higher stre 


f the apphed stre 


acting on it 


removed, interstitial atom 


diffusi through the metal, once more begin to 
condense on the dislocation If ufficient time 1 
illowed before a stre reapplied, enough atom 


will diffuse to the dislocations to repin them. Thu 
vielding is again observed. This is the dislocation 
picture of rain-aging 

There 


hould be no increase in the true strength 


from this mechanism Sut there Is an increase in 
tensile strength after strain-aging over that of the 
annealed metal, a well a an attendant lo in 


ductility. This is thought to be the result of actual 
ubmicroscopic carbide or nitride precipitate forma 


tion, primarily at dislocations Junction 


Macroscopic yielding 

The macroscopic yield point of mild steel in a 
tensile test is correlated with local regions of plastic 
deformation along the length of the specimen, These 


regions are termed Luders’ band 

A typical load-elongation curve for mild steel in 
tension hown in Fig. 1 with the significant fea 
tures labeled. At low stresses the specimen deforn 
elastically At omewhat higher tre a mall 
imount of dependent homogeneous plasti 
train take place, but it 1 o small that the de 
formation looks elastic until the stre is equal to 
the upper yield stre At this point, local plastic 
deformation take place rapidly encompassi! an 
entire cro ection. These regions of high local de 
formation are called Luder bands, or, in the case 


of tee] heet fretcner train The pecimen mu t 
elongate with tt idden decrease in cro ection 
to maintain con int metal volume Th allow thie 

dt a OF nee the tensile machine cannot it if 


cimen have eached equilit in the tral m the 
local regior equal to the eld strat ind tt 

local constrictior rows alor the ive length unde 
t? more or le constant stre called the lowe 


Fig. 2—Diagram of the rolling process 


yield stre 


When the gage length has been com 
pletely traversed by one or more of these constru 


tions, it 1 trained by an amount equal to the yield 


train. Continued straining causes the load to rise 


as the deformation becomes homogeneous and the 
pecimen strain-harden Thus, after yielding, the 
pecimen behave in the normal manner 

Two reasonable explanations of the propagation 
of the yielded regions in terms of dislocation theory 
exist: 

a) The time-dependent pile-up of dislocations 
and their subsequent break through successive bar- 
riers along the gage length. 

b) The cataclysmic release of avalanches of dis- 
ations 


locations by the collision of high speed disloe 
with pinned dislocations. These in turn reach high 
speed and interact with other pinned dislocations to 
free them. Propagation results from the repetition 
of this process. 

The critical point in ais that it takes time after 
the dislocations are unpinned for enough disloca 
tions to pile up at the next boundary and create a 
local tre concentration beyond the boundary 
yielding Thi 
along the length 


which will propagate the 


proce 
must be repeated at each boundary 
pecimen 

Standard reaction rate theory of nucleation is the 


basis for a. Atoms in a metal are vibrating rapidly 


their movement being a function of temperature 
Hence, in order to free a dislocation from its atmo 
phere, it is not nece iry to apply a stre as large 
as would be needed if the atoms were stationar’ 
By statistical mechani one can calculate the fre 


quency with which this thermal motion will unpin a 


length of dislocation and the temperature de 

pendence of this frequency. These are normally re 

captured by the atmosphere, but if a stre near the 
eld stre is apphed, when a suffimently large loop 


formed by thermal motion, it will no longer fall 


back into the atmosphere but will grow under the 
tre rippin free the remainder of the 


inned dislocation which can then multiply 


A dislocation interaction mechanism its the basi 
of b. Thi theory doe not require the presence of 
any barriers and 1 ipposed to explain the enhance 
ment of the yield point b train aging and the lack 
of a yield point in annealed nvle crystal These 


den 


forrn 


In this mechanism, the randomly distributed di 
locations are pinned by interaction with their inte 
titial cloud Under increasing tre a dislocation 
it a high point of stre is torn from its atmosphere 
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JPPER YIELD 
+ 
LOAD 
x 
FRACTURE 
MAXIMUM 
LOAD 
LOWER 
< 
YIELD MOVIN wer MOVIN ER 
a 
YiIELO STRAIN 4 
NGATION 
JINIFORM 
+ 
ELONGATION 
| 
3, 
ae 
constant rate of head separation, travel as fast a result mere] m the increase in dislocation Hi! BY 
the specimen ite When the machine nd sne itv with sation 


Fiq 3--Schematic diagram of the deformation occuring in 


the three stages of the rolling process 


Yield point climination 


The yield point in iron and steel can be elimi 
nated by 

a) Removing the interstitial elements from the 
metal by wet hydrogen treatments. Process is com 
mercially uneconomical 

b>) Removing the interstitial elements from solid 
solution by alloying. Nitrogen, which is a principal 
contributor to strain-aging, can be tied up with 
titanium, aluminum, vanadium, ete. A premium 
priced material usually results 


©) Stretching completely through the yield re- 
tretehe cvelmg). A strain equal to yield 


strain is necessary for elimination, and aging ts 
rapid 

d) Introducing residual stresses and inhomoge 
neous delormation Pemper-ro g, and/or roller 
A small strain is necessary for yield point 


elimination. Aging is slower 
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Fig. 4—Schematic diagram of the comparative strain rates 
of the surface and core material at each stage as a sheet 
passes through the rolls 


in steel sheet 
ommercially economic: 
method remove the elen 
tne can 
contrib 
thie addition 
rming element uch ; aluminum 
Vanadium, and othe il \ The 
and the 
result 


method which ha 
the introduction 
nhomogeneou 
ha been accom] 


roller-leveli 


the 


deform) 


Jo I m 
— 
> > 
> 
POSITION UNDER THE RO 
! velit ‘ ‘ j thousand tor tance il 
che nned disiocatior not nec ivi 
ry the rie » plane tre fields of dislocatior 
tly hat th hat it 
rite ct tronel ove te distance enablin 
reve eution, tue of its large kineti 
itive only 
ene t » the pinned dislocation free trom 1t 
from te 
( ttre trniosphere L\ithoueh thre elocil ot the 
yield ated 
{ eatio comnsiderab fecreused by 
that t t to 
t} a on both it and the freed disiocation can 
this be on 
if ite te eloctt inder thre wtion 
nitride tita 
thie md are both able to tree 
nium cost 
; pinned dislocation These in turn free additional 
of the eld 
cit ! one distocation Cul releuse in 
noweve 
ilaneche of dislocatior hort time Ludet 
material 
ty ! cleated nad proy ite ! i mitar man 
Phe third method for producing material with no 
me 
yield point is to deform the material just prior to 
; ¢ ‘ trent ‘ iit vhich have been pro 
ist © that all the dislocation have been freed of 
ed 1 tinvuish between the two different 
their clouds of interstitial atom This is known a 
‘ ict 1} t there till no 
tretche level The objectior to such a method 
cut « for dropper f then 

e that the yield point returi rapidly, and 
ond that thi tra must be it least equal to the 
mite i} in subsequent forming operation 

\ fourth lel ised 
arith tresse 
nto the ma ce deto 
mation. In ste lished by 
temper rolling and/or The yield 
pom ippressed with strain malle than the 

eld strau esulting in greater ductility. Also, the 
yield point found to return more lowl thar 
vhen the material is homogeneously deformed 

The eritical point in the mechar r proposed to 

5 explain the masku of the eld point by residual 
tre ‘ is that any element of the bod Vill want to 
eld when the total tre on tt element reache 

i critical value Thu vith mn increas iniforn 
ppled stre each element will reach the critical 
tre for vieldin at a different value of apphed 
tre lependir on the value of the residual stre 

ee acting on it. However, no local regions of large 
rst can wmcomplished t j plasti train ich as the nucleus of a Ludet band 
tit ten ‘ tr eun form ator thie nue ler ince the pecimen 
bis rrie ‘ Hloweve element the till deformuit elastically vith mall train and 
f f econd hase ‘ emoved I) i ntegral with the part which ts yieldin As the 

ad « te the of nificant pecimen is further stretched, the tre must rise 

tructure na erty is can be done u for two reasor Firs portion of the pecimen 
i h carbon steel. The prima eason, howevet which is plastically Hiiimmming strain hardens. Sec 
1036 


Fig. 5—Lightly rolled mild steel plate after etching. Rolls 
stopped and lifted up to remove plate. Arrows indicate con 
tact area when the rolls were stopped Percent reduction 
a) 09 pet, b) 17 pet, c) 24 pet, d) 3.0 pet (Hundy 


ond, each new portion that yields has a lower value 
of residual stre than the one which yielded just 
previously. Hence the applied stress must rise for 
each increment to reach a critical stre level for 
yielding 
Considerable expe 


of residual stresses as the cause of the elimination 


mental evidence exists in favor 


of the yield point when the deformation ts inhomo 

eneou but there has been no satisfactory ¢ Kplana 
tion of the means by which the yield point might 
return to such material upon aging 


The rolling process 


The rolling process is extremely complex. Theo- 
ries of rolling have been based on postulated mate- 
rial behavior which are a rather crude approxima- 
tion to actual behavior. 

With thin sheet, we can assume that there is no 

dening of the sheet during rolling, and hence the 
train problem. The ge 


rolling problen a plane 


ometry of the roll proc thin, a hown 1 
Fy ) The velocity of material enterin the roll 
nd leaving the roll are different, as a result of the 
leformation taki place The velocity of the roll 


and hence 


there exists a neutral point on the contact area 


tselft [ve between these two extreme 
where the sheet is traveling at the same velocity a 


th Hl, Although all the theor assumed that 
there was slippage between the roll surface and 
metal surface at all points along the area of contact 


except at the neutral point (N) and that all vertical 


plane ectior normal to the rolling direction § re 
mained plane throughout the rolling deformatior 
t} has been found to be untrue A neutral zone 
athe than ar tral p ft would result from the 


Characteristics of the rolled sheet 


Attempts to rationally predict the characteristics 
of cold rolled sheet have made use of relatively 
simple deformation processes considered to be some- 
what analogous to what actually happens. They 
have not been used properly, and even so they ap- 
pear to be much to simple to be useful. A somewhat 
improved method of approach is to view rolling as 
a flow process. 


The general trends in the rolli of most nontet 


rous materials are a) Increasing friction at roll 
heet 
+} 


Increase } ‘ iit iil 


interface with rough rolls, or poor lubrication 


reduction anda ncredase thu hardmne variation 


throughout the heet thickne (the urface beings 
harder). b) Increasu ratio of roll diameter to sheet 


thickne increases the pressure to effect a given re 


duction and decrease hardne variations through 
out sheet thickne c) Increased rollin peed cde 
crease hardne variation throughout thickmne of 


heet. d) For a single-pa reduction, the hardne 
ariation throughout the thickne of the sheet de 


creases with increasing reduction. e) Increasing the 


number of passe to effect a iven reduction de 
creases the hardne variation throughout the thick 
ne of the sheet. f) Increasing back and front ten 


hould result in 


ion reduces the roll pressure and 


lower hardne variation and residual tre ‘ in 
the product. g) The residual stre pattern is one of 
tensile outer tre ( and compre ve core stre ‘ 


except for the occasional appearance of a compre 


ive residual stre ina very thin layer at the outer 
urface of the sheet. h) In multiple-pass rolling, the 
relative residual stre pattern determined by the 
final pa i) The residual stresses decrease with tn 


creasing roll size for a given reduction. 1) The effect 


of increasing reductions per pa on the residual 


tre pattern In question 


One method of approach to the proble m of why 


the residual stresse n rolled sheet are tensile in the 


bulk of the outer layve1 and compre ive at the core 


may be to consider it as a flow problem Deforma 


tion under the roll can be considered roughly tw 


occur in three tawe \ the heet enter the roll 
ap the pressure is low and there is little restriction 
to flow due to surface friction. Moreover, the low 


pressure causes only a shallow penetration in the 
heet, the shear stre trajectories being 
pirals which begin at the irface and curve toward 


the exit side of the roll. Moving along under the roll 
‘ap, in what will be called stage I of the deforma 
tion the de pth of por netratior of pla tie deforma 


tion increase is the pressure increase Because of 
the backward « invature of the lip field and thi 
low penetration of the slipped region with increa 
ing pre ire, an initially rectangular slab of mate 
rial leave tave I with a reater longitudinal 
elongation near the surface than in the center, a 


Stave II of the deformation proce takes place in 


where the pre 


the middle zone of the contact are 


ure rent ind there are hy 
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via 

‘ ‘ ‘ ‘ 

_ 

‘ ‘ ‘ ‘ 

4 

4 

hov 

peaked distribution of pre ure over the contact force which create a zone where hydrostatic con aa: 
irea, the product of the pre ire and the coefficient pre or approached. Th then result na laree ah on 

of friction exceeding the yield stress of the material wedve of essentially nondeforming material pen eet 

n the region of the pre ire peak. Hence, t} mate tratir nto the heet from each contact irface ap 

al would ticall leform at the irface in thi Now. the mate lat the core of the heeft 

rie tra Zone and the entire Zome ( N’ would flow Peca e of the effect of wedac the lor 
move with the oll irface o1 tick and the plane tudinal extensior rn th local area relativel Bi. 
ectior would become curve large and take place ! ‘at hort time Thu thie ie 


Fig 6 The effect of rolling reduction on the rise in yield NG MF 
stress and tensile strength after aging for three months 
after Mundy Fig. 7—The effect of rolling reduction on the yield point 
elongation, uniform elongation, and total elongation after 
hap aging for three months (after Hundy 
It from the rolling uld steel plate These 
how th ve plates which are paral- 
rolling direction. Fig. 5 w produced by 
the roll before the “4-1 mild steel plate 
npletely rolled The a Ww above each 
indicate the contact area when the roll 
The e photo ré is Indicate that until 
13 pet reduction in temper-rolling, the rolled 
consists of both undeformed metal and pla 
deformed metal. The latter is in the form of 
wedges with bases at the rfi which appeat 
after etching. How then does the residual stre 
change with rolling variable with thi 
complication in the deformation proce 
ience of variables in the ing proce on 
product al ri ume 
teel sheet a r the nonferrous metal 
pite the fact that teel yields discon- 
In particular, the residual stresses have 
to increase with reduction above 0.8 pet 
- i the yield point has been 
correlated with the magnitude of residual 
Thus th arger the residual stre existing 


heet f takes for a yield point 


pet to return on aging 
ts > Direct measurement of ease of yield point elimi 
that the amount of temper rolling 
eliminate stretch strains in subsequent 
reduced if 
heet roughme and 
yrain size is larger. Also, rate g in 
es as roll diameter increase 
Dhere au growing body of evidence which in- 
that macroscopic residual stresses may not 
only factor in the suppression of yielding and 
ing phenomena in mild steel: a) The 
esidual str: of the yield point after temper-rolling 
a function of the testing direction— being 
when the testing is done in the roll direction 
The rolling and aging of mild steel sheet ng of temper-rolled steel appears to be 
ind certain nont ous metals and al rated by stretching in the rolling direction 
hown to ex vet aging only if the sequent testing 
direction. If the n done 
rolling direction (an therefore, also 
ol tretchin direction) th ! tT aging 
reased compared with th: n n which 
rolled only. femoval a lars 
layers of a r-rolled 
nost completely eliminate 
in the sheet, doe 


of deformation tl i ! lavior heet 
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NIFORM ELONGATION 
ON ‘ 
SA 
/ 
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Fig. 5 shows the type 


Discussion 
The weight of the experimental evidence 
heet qualitatively the ame a 


that 


behave 
heet 
distinct 
diameter, 


le ad to incre 


during the rolling 
yielding characteristi 


proce 


rougher rolls, and re 
inhomo 
idual 


ion all 
deformation and 
ulting 
tretchel! 


product easiel 


trains 1n 
of the yield 


ubsequent 


elimination of the 


working, and the lower the return 


point on aging 

The main requirement 
heet are good appearance, ductility, and freedom 
train aging. How- 
limitation 


irable cold-rolled 


for de 


vielding and 
and ductility 


from discontinuou 
ever, appearance may set 
on achieving the third requirement 
The influences of rolling reduction on propertie 

after aging for three months are plotted in Figs. 6 
ind 7. Changes plotted are the variations from the 
properti of the cold heet which result 
from aging, and are not the cumulative change 

unworked sheet. The 


reaches a maximum 


worked 
from the properties of the 
change in yield stress on aging 
at a small reduction, since, for lower values of roll 
in a large heet 1 


formed and hence does not contribute 


portion of the a vet unde 


to avineg 


Increased reduction causes increa dislocation 

interaction and increased numbers of for pr 
to form, thus decreasing the spacing be 

hardenin 


great the 


precipitate and increasing the 
When the dislocation density becomes too 
number of available interstitial atoms in 
not enough to form a precipitate of any sig 
ze at every available ite Since the hardening 
effect of the precipitates is a function both of the size 
the precipitate and the 
tates, the strength will at first increase 


olution 
ant 


between precip 
then tend to 


pacin 


decrease with reduction 
Che magnitude of the 
d after temper-rolling and aging 
rection of testing with respect to the 
3 pet reduction, yield strain in the 
direction is larger than in the rolling di 
rection, and above this the Accord 
y, if a cold-rolled steel used in 
tamping operation which may 
ts to determine it 


yield point which is meas 
depend on the 


rolling adi 


ion. Below 
transverse 
heet is to be 
deform it in all 
then t uitabilty must 
number of directions on the heet so 
ible condition will be discovered 
experiment how that 
means the only way ol 
well the 


directions, 
be made in a 
that its worst po 
Numerou 
residual stresses are by no 
behaviol It 

deformation which | 
es rather than the resid 
ual stress¢ that 1 important 


variable in causing the effect 
tributed to residual stresse 
At present, no detailed mechanism ha 
posed to ¢ xplain the obse rved effects of prestraimning 
yield point In particular, 
explanation of it 


macroscopl 


eliminating yielding may 


orientation of the used to 
produce the residual str 


themselve the most 


which have been at 


be pro 


elimination of the 

no detailed satisfactory 
even for the elimination by mean 
compli ited by the 


on the 
there 1 
return on aging 
of residual macrostre ( Thi 
observations that retardation of aging take 
both when the highly worked metal is in compre 
ion and the lightly worked metal ts in tension and 
when the apparently highly worked metal 
idual tension. An mechanism in 
idual stre ‘ which will be ati 
in difficult to conceive 


pla e 


aging terms of 


macroscople re 
factory in both case 

Th feature of the yielding 
ated at the present time and itt 


phenomenon | being 
investi hoped that 
the 


n eparation ot ome of the vari 
able that 


ear future 
influencing thie ob erved 
macroscopKi eld point both geometrical and met 


allurgical, will be determined 


appear to be 
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pected for size, wall thickne 


ide and outside urftace q ialit 


Fig B—Above, the newly designed reeler provides a high 
degree of dimensional accuracy im seamless steel pipe 


production 
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\ The reel to eve ip thickne ia ying l, to secure an 
eve ote wt the tube tthe M es! tube t 
completely mechanized seamless steel tube mil thickness. The tube, still hot, is then rolled twice in 
A; thre lannesmann type went int peratior i plug mill between grooved rolls over a plu to 
coer ilt yt Vira Ont Canada reduce the wall to the de ed thickne 
‘ complete sutor atic mil this The tube thet pu ‘ through a reeler to ichieve 
| i ViIannesmann of Due litre? onal acceurie maa Zit mill product il 
jorf. Germar Capacit of the new 4 nt ‘ even outside diamete Afte cool the pipe 
t ited to be 225.000 tor f seamle tiabe ths be cor ed to a rotary straightener. Thereafter, the 
OD. pe ToT caretully 
billets are transported by R traddl concentricity, and 
‘ ‘ fron thie \ ma leel plant trial i 
napect the | let e heated | ip it 
here, the billets on to a Mannesmans la = 
+} 
piercing plug centre cated between the 4 
d 
proce epeated in the econd prere. 


Nucleonic Radiation Gage Control 


A British steel mill is using gamma radiation from radio- 
active isotopes for gage control in a continuous hot strip mill. 
While X-ray gages are in use in a number of continuous strip 
mills, gamma radiation appears to offer certain advantages. 


es recent years a number of noncontact gage automatically between the rolling of ICCESSIVE 
have been developed for testing the thickne of pieces of strip. The sudden increase in radiation 
teel in hot and cold strip mill The majority of falling on the detector at these intervals changes the 
Line are radiation gage consisting of an lonizin instrument from the measuring to the standardizing 
radiation source radioactive isotope or an X-ray condition, and a standard prec of steel) Interpo ed 
tube and a detector responsive to ltonizin radia between the ource and the detector \ servo-mech 
tion, together with associated amplifier andre anism immediately recalibrates and corrects any drift 
corder. The strip or sheet to be gaged passes be of the instrument. With the arrival of the next strip 
tween the ource and detector: the intensity of radi there is a sudden decrease in radiation falling on the 
ation falling on the detector varies with the steel detector which causes the instrument to be restored 
thickne causing the detector output to vary. These to the measuring condition 
variations indicate variations in gage thickne 
Radiation gages with 8 rays are used in industry The detector unit 
and X-ray gages are in wide use on cold strip mill Thallium-activated sodium iodide crystals are 
But y ray gages, the youngest member of this fam used as a radiation sensitive element in the detecto: 
ly, appear to offer additional advantag particu unit. These c1 tal eintillate when radiation fall 
larly on hot strip mills producing narrow strip. £ upon them, and the visible light from the crystal i 
.a can be used only on strip up to 0.02 in. thick picked up by two photomultiplie: One acts as the 
X-rays up to 0.25 in., but y rays can be used on steel measuring device and the other as a relay for the 
ip to 1.5 in. thick. Other advantages are: lower cost changeover from measuring to standardizing. The 
le vulnerablity than X-ray equipment, no need measuring photomultiplier feeds an integrating cin 
for source stabilization, since a ource ts absolutely cuit which averages the current over the time cvck 
table over short periods, and there is no need fot of 1 sec. The integrator feeds current to the amphi 
coolin fier in the electronic unit which in turn feeds the 
nal into one of five levels depending upon the ma 
The existing nucleonmiec thickne gage, made by nitude of the gynal. This in turn depends on the 
the Baldwin Instrument Co., has been installed on a average thickness of strip passing through the mea 
Morgan strip mill rolling up to 9-in. wide strip. It iring instrument during the appropriate second of 
arranged to measure thickne between the limit tirne These five levels correspond to those on the 
of 0.03 and 0.25 in. The tolerance limit can be set lisplay board and the teleprintes 
on the instrument to suit the rolling specification This comparatively simple and much I expen 
Which ts usually about 0.002 to 0.010 In ive method of measuring the thickne of hot steel 
Measurement is provided by a strontium 90 ra trip has eliminated fragile tube high operatin 
dioactive source and a radiation detector placed on voltages, and associated equipment. Successful op 
either side of the hot strip. The variations in the eration, as has been demonstrated, should prompt 
detector output, aiter passing through electron further installations on narrow hot strip mill 


play board and 


ip a pictorial pre 
entation of the ngitudinal profile of the strip. The 
board has 48 vertical rows of 5 colored lamps. The 
middle lamp ndicate that strip thickmne vel 


of the limit 1 th 


outer row indicate that it 1 beyond the tolerance 
limits. Fach vertical lamp row represents the mean 
thickne of a length of strip, equal to that which 


pra through thie 


tudinal 


Automatic standardizing 


Che source unit of the ape fitted with stand Source hol/*r (in foreground) and detector unit in position on 


quipment which is brought into operation the mill run-out table 
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in 
at 
or i teleprintel 
pr oad Phu the longitudinal thickne profile of 
the whole strip displayed on the lamp board or 
vide a permanent record n digital forn of the 
ira 


Functional Testing 
of Cold Reduction Lubricants 


The objective of the torque test is to evaluate the fric- 
tional properties of rolling oils under extreme pressures at 


speeds approaching zero. 


by J. F. Griffin 


cant should not unduly 


olutior 


taining 


Modified shell four-ball EP tester used 


| mach Wa the election of te 


Frequent evaluation of new lubricants 
Ve done n the past had been ¢ 


th 
mm) which 
re ippreciably le 


cold reductior 


iat the 


must 


0 


f those 
a modific 
ball EP (Extreme 
the most promise. The 
n peed and an 
cant was tester 
the actual condition of peed and 


mod fic < 


iipment 
Major functions of the lubricant liches 
nd o riy haft to reduce the peed. Thi 


transmitted fi 


and motor a 
need for the devel pment of a 

‘ ! the torque force 

bear 


lubricar 


method of te 


amount 


the torqu 


) F GRIFFIN is Process Metallurgist with U S Steel Corp 
AIME Annual Meeting 10 000 


forry 


Thies paper was presente d at the 


Pittsburgh 
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New Orleans, February 
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| pees eduction of wide hot-rolled breakdow1 enerated in the rolling proce and 2) it provided 
4 started dur the 1920's on elativel A a surface lubricating film on the strip to prevent 
) peed nvle-stand, nonreve ! rm The pro metal to metal contact of the rolls and the strip. In 
be ‘ developed pid through tne ! ‘ tand re iidition to these lubricating function two restri 
‘ ' ! lo the present day high speed tanden tion had to be applied to the lubricant mate il 
n he first lubrieant used v traight mir |) the |v} EE affect the cooling 
Chal Gb, COMMON: ote oad i re \ it of the and 2) the lubricant 
mechanical improvement permitted increased ope ( lue deposited on the trip durin ollir must 
pair eplaced en ne ¢ i thie emoved by electrolytic clean and any 
hut int Duras Wi 1 W I] the threat to the emainir esidue after cleaning must burn off in 
pain ip] produced domestr ibstitute annealing without 
pratt md these have beer ! one ise ‘ 
that tin 
tin 
itin prop 
d that all of 
ected toward 
peaking, the high speed cold the evaluat (hydro 
eduction cope itis ipbstantiall Dew dynam lu measured lut city 
ted speeds due to lubricant limitation I} tu inder pressu than those encour 
ihhon has created a serious problem to mill operatit tered in the HB, proc It appeared 
people in that it has been necessary to evaluate nev however, tH investigation of rolling oils should 
frequentl ! the nterest my i be directed toward the tudy of the molecular phase 
operatior The ¢ ihuation of new mate i hi of boundary lubricatior ind that th mm be done 
bean ditheutt i cor entiot tut cunt te fir if ‘ ure mo 
rethod lo not predict the behavir of ibricant tered on the mil 
nthe n consequently, each new formulation had the conventiona 
by wtual nm t | procedure ire) tester appe 
‘ per ‘ md time consumiut often re ilted modification pe 
pores abyle ly ‘ ‘ levy te, ncerease ln 
laboratory n a 
cant vVhich would ball 
pected performance on the mill. This method had to bearing all immersed in the HAT and held 
ty ible to screen out unede ible mute | ind til] firmly t i ball pot restir in a calibrated torque 
cle nate those mater il vhicl vould eriousti arn The torqus value the of ce flectior 
affect production rates, The approach to the problen n millimeters, registered by MMe arm as it 
Vil in analy of the major funetiror of the move iwainst a constant tension. In some instance 
7 cunt ind the development of laborat y method oft i lubricant will fail completel before the test 
meausurit enel funetior hs the purpose of tl completed In th case actual metal to metal seizure 
evaluation t appeared that the lubricant performed f the bear urface occutl ndicatir failure of 
‘ entirally 1) t p led thre lubricant film manifested by chatter or the 
lubrication to effeet reduction of frictional heat machine 
f In the f t modification the peed wa reduced to 
and the load increased to approximate! 
j Semmyuila fe pla tic deformatior Cor derable test 
- 


HEATIN POSITION 


TINE RELEASE 


I] —— electric timers. RIGHT: The torque test | 
measures film friction properties under a 
} THERMOCOUPIE calculated static million psi load, simulat 
\ J ‘ ing the pressure and relative speed between l 


the work roll and 


at measurement is the length of the line in 
scribed by the recording chart pen 


ing was done under these conditions, but the result 
obtained indicated that a further 
ire to approximately 
more atistactory cla ification of materials with re 
pect to their known performance on the mill. How 


ver, this increase in pre ire alone did not brin 


about the classification of material that had been 


anticipated The third modification, therefore Wi 
he development of temperature control on the ball 


pot which allowed the test to be conducted at con 


trolled elevated temperatures which simulated mill 
operating temperature this proved to be the most 
fruitful of the modification Porque values of roll 
ng lubricants determined under these condition 
correlated well with their known performance on 
the mill. Lubricants that had performed satisfac 
torily on the mill exhibited lower torque value 
than those whose performance wa ibstandard. It 


appeared, then, that th testing procedure now ful 


filled the testing requirements for the primary fun 
tions of the rolling oils. The torque value indicated 
thie lubricity of the material and behavior of the 
torque during a 900-sec run was a measure of the 


Im characterists1 of the lubricant 


Evaluation of effect of lubricant on cooling 


Evaluation of the secondary function, the effect 
of the lubricant on the cooling ability of the Olu 
tion, Was accomplished through the use of an ap 
puratus developed by the research organization of 


of a thermocouple in a guillotine device ipple 
mented 
m 
int quencn rate Ot water base material 


licated that there were nificant difference rm the 


quench rates of Tet lubricant However. furthe 
eveale it mo ariation in quenctl 
te Va letermined the concentration of 


LEFT: The Standard of 
test apporatus measures the time to cool - 
a thermocouple from a preset maximum 
to a preset minimum, by use of automatic 


1,000,000 psi might effect a 


trial. Results to date have been very sati 


TOP ROTATES RPM 


BALL 


Indiana quench 


strip. The torque 


LUBRICANT SAMPLE 


LOAD FORCE 


Which provided ade quate lubricity only at high pet 
centage concentration should not be considered for 
mill trial ince the would not be effective coolant 
Pests of the actual rolling solutions obtained from 
the five-stand tandem mill during 20 consecutive 
S-hr operating turn vere compared with actual 
performance. Both quench rate and 
related well with mil 


n that mill perto 


mill operating 


operating 
ubstand 


olution quench rate were poor and 


orgue Value Col 


performance mance Wa 
ard when the 
the lower the torque value the better the mull pel 


formance 


Evaluation of effect of lubricant on 


cleaning and annealing 
The effect of the 


characteristh wa 


lubricant on cleaning and an 
evaluated by the use of 
lnnealer secured from the Columbia 
Geneva Div., U.S. Steel Corp. This apparatus con 
trip holder positioned in a glass tube 
which can be purged and filled with the annealin 
atmosphere to be used 
the strip holder 


1 x 12-in. test trip coated with the lubricant to be 


A power unit is connect dtu 
permitting resistance heating of a 
tested. The strip is heated to the desired tempera 
ture, then cooled and removed for visual examina 


tion of cleantiine 


Test procedure eliminates costly 
mill trials 


Mill trials can now be conducted with reasonable 


not be el ly af 


on will 


ersonnel are ipbmitted to the laborator for evalu 


nd evaluated operating management and 


cheduled for mill 
factor! 


ha Deer 


conducted 


oduct non the 1 i} that have been conducted 
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| 
= 
ao y | - 
| | ry | 
= j 
~ 
| 
\ 
= 
a 
mad 
ted 
assurance that produc) 
fected Mater ul offered 1 i ! tiny 
lubricant in the water rherefore, the criterion for The total number of trials 
the cooling function became the concentration of the duced nd there has beens te tion of Sa ‘ 
lubricant required. It then followed that lubricant es aa 


Unionarc Process Features 
Magnetically Coated Rod 


Side view of the 
Union arc sem 
automatic welding 
machine showing 
wire supply mounted 
on rotating assembly 
This machine may 

be used for welding 
m vertical, overhead 
horizontal 
positions 


current deliv 


HOPPER 


MAGNETIC WHEEL 
LOCKING 
SCREW 
J 


4 
* 


— 

GAS ANO 
Flux 


The hopper assembly 1s pressurized by gas at about 4 Ib 

per sq in. It can be screwed in or out to control the quantity 

of tlux released into the gas stream. The flux adheres to the 

surface of the rotating magnetic drum, and a_ rubber 
Cutaway view of the tore wing the action of the flux scraper, positioned beneath it, removes the flux layer 
driven along by the carbon dioxide, in coating the magnetic trom the drum In the distributing chamber the flux 6s 
wire as it comes out The carbon dioxide also helps protect suspended im the gas stream and is carried along toward the 
the weld trom the atmosphere torch 
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| 
7 
he 
} 
oxi ned feat the wire lirected inte 
It med that weld vith th ble-are 
the are length by varying the Hii ered 
trie In th Nia the wire melts at a faste 
vt ite. dependit on the change n the are 
ength, and thus the are brought back to its pre 
a ! i Col tant feed rate 
thie veldir current contacto thie a slenoid 
and the A e pack drive motor 
. algerie Phe new machine was invented by H. E. Kenned 
ties f Berkel Calif vho w ilseo the nvente of 
= l'nionmelt mothe Linde Co product 
| Tr fou maintained cor 
hot f an electronic govert f ul 
WEL DING aime 
fy 
“ ti ut 
4 
Aa 
» 
“tit 
ORIFICE 
\ 
GAS 
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CONTINUOUS CASTING: 
REVIEW AND OUTLOOK 


by Rufus Easton 


Compared with many of the other methods of proce ne metals, continuou 


casting is a recent Gevelot 


metal working. Still, itis old enough so that its origin omewhat of at ter 

In 1840, U. S. Patent 1,908 wa ranted to G. E. Sellers for “machinery tot 
making pipes continuously from lead, ete In | pecification, Mai elle 

tute M ipparatu milar in some respects t ich us has heretofore beer 
er plo ed fo thie castin ofl id But ilthou | i 
eneral pl neipal or mode, of construs on which ha ng been Known Il have 
devised certain improvement et lrawi ind) deseription 
include a water-cooled short mold and a steam-powered tuku ij thy 
pipe a it} cast, it certain qual Continuou caustil ! the 
implication is Clear that milar machines had been in ¢ tence | ome t ‘ 
prior to 1840. The line between continuous castit ind hot extrusion ist be 
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il 
} 
broadly drawn, a everal ine ta 1 ‘ 
capable of either proce depending on a few deprees dillerenes nesas =P 
Whatever and wheneve it nomay have been, continuous Ccastil ni 
certain! not lacked for imaginative nventor While man of the method :. 
fierle 
and machine may not have been Wworkabis the breadth of coverape o ld 
vortl of mention. 5S. patents have bee ied describu all angle of 
! ‘ iit lati 
direction of castin pr of mold aes bed ia 
vibrating vheel or roll,” chain, belt or stry furnace juid ind wt ght 
Material j ested {fo mold re ice copper raphite i miou 
fractort iron tet mereu and salt 
4 
pullis the « tir thre h the mold, and for the methods of cuttu and ad a 
posin of the cast meta “ee 
To the casual observe even to the occasional to and 
competent in the field of continuous castit the deta that ke the difference hiss 
nt in th | 
Hetwee! nad ‘ j lu net noticennvle le tial 
bette commer i] protection ror a proce thal i} tent deo rie ie often 
not eported 
Proere nd development, ther must be hed ‘ f iy 
nroved performance of hie wiou of ‘ ‘ hou } { if 
the detailed means by which performance ry ed Se 


9 


" 
4 > 
4 4 
bx 


Fig. |--Patent drawing of the Asarco process, invented by 


Smart, Je 


Copper and Brass No change has been reported in this already suc- 
The Asarco process The American Smelting and Operation we yen Pro 
Refining Co. has been casting coppe inne 1097 bn duction rates of approximately 9000 Ib per hr are 
thie proc in which iphite die is in for either cake Of size uch as 4x13 o1 

orted the bottom of furmece and for in. round 
In the casting of bra Junghan machine nave 


the | +? nd cuttin facturin ‘ oO. atl Wate rbury Conn and have al 
the seauired leant led ation been installed at the Bridgeport Bra Co plant 
n Bridgeport, Conn., and Indianapolis, and at the 
ti dena plied by transfer ladle to an induction-heated 
tc the die without exn: reservoir, and is fed from the reservoir through a 
blen downspout and distributor extending below the 
level of molten metal in the mold to avoid turbu- 
oxidation lence in the mold. A gas curtain is used to minimize 
| duct nd with plashius turt ene rh the exposure of metal to oxidation 
‘ tie 
‘ , other than some mechanical revisions aimed at 
NE OF Dronz — product quality improvement, and, on some ma 
a nS Gispersian of second constituents can i chine elimination of induction heating in the tun 
dish. Production rate are approximately 18,000 Ib 
ore 1994, additional production us nave beet per hr for 6-1in. round extrusion billet and up to 
ore me the maxim in ha increased 14,000 Ib per hr for slabs of size uch as 3'4x26 in 
' ised for casting aluminum and its alloy but no 
The Junghans process: Copper h o been cast State 
continuous the Jungehar proce the plant 
U.S. Metals Refining Corp, at Carteret, N. J Aluminum 
nee 1948. In this process, met poured from are 
to an open-ended water-cooled copper 1 The direct chill process: The problems of oxide 
kin inclusions, large grain, and inverse segregation 


Des 


eclopment 


pra with 


below the mold to complete solidification as rap- 


diy as desired. Operation may be truly continuou 


e ba it al if HOO) ote th pe hy 


Continuous Casting Section, Freyn cut 


RUFUS EASTON is Manager 


Dept, Koppers Co, Pittsburgh Paper presented at the AIME New the casting Ippo! ted on a mechanically or hvdrauli- 
ynte . ) 9 
England Regional Conterence, Boston, May 1957 cally lowered platform allowing casting of a single 


1957 
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‘ 
+ r > ~ 4 
2? 25 
‘ 26, 30 
4 
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Fig 2—Patent drawing of the Properzi process 
to provide ynchronized movement of mold and had for many yea limited the maximum size of 
f three fourtl iluminum castin for rerolling and extrusion pur- 
OFHC coppe the meta tected from oxi pose the direct chill proce in 
1942 has led to a basic chanve in the nature of the 
An addition of sn mmount f butane in the mold ind extrusion billets produced by this proce 
che » film of carhor nm the matal irface which A stationary hort mold 1 ised, usually cooled by 
runne tem also feeds an Inco machine castit hee 
th pinch rolls to ipport the castu nd a iw to 


gth followed by removal of the casting and rais- 
ing of the platform for the following cast. Several 
castings may be made simultaneously on a single 
platform 

The low initial cost of intermittent casting equip- 
ment and its flexibility in operation have caused it 
to be favored for aluminum over the truly continu 
ous machine 

During the past three years development in thi 
proce has been mainly in enlargement and me 
chanical improvement of the production equipment 
some work has been done on selective cooling of 
the casting to minimize the stresse et up in the 
intense cooling area below the mold 

Slabs, 12x48 and 9'2x52 in., are regularly cast on 
multiple-strand intermittent machines at rates of 
approximately 16,000 lb per hr per strand 

An excellent example of the truly continuou 
type of direct chill machine is that operated by the 
Dow Chemical Co. casting magnesium slabs in size: 
up to 13x42-in. This machine operates around the 
clock, stopping only for size change Where eco 
nomic factors justify the high initial cost of a truly 
continuous machine, its extensive molten metal up 
ply, and its product handling systems, advantags 
in quality control are obtained due to the continuing, 
and adjustable nature of the operation. This great 
advantage of continuous casting machines in general 
is lost in intermittent operation 

The Properzi process: Rather than depending en- 
tirely on the large aluminum producers for thei: 
emi-finished metal, there is a growing tendency 
among wire and small strip makers to integrate on 
a small scale; to use plant scrap and purchased pig 
for melting, and some one of the recently available 
continuous Casting processe for conversion of the 
molten metal directly into wire billets or small slab 
for strip rolling. The most widely used of these 
new methods is the Properzi proce The first of 
these machines in the U. S. was in operation in 1950 
at the plant of the Nichols Wire and Aluminum Co 
Davenport lowa 

In this process the casting is formed between a 
groove in a wheel and a metal strip, which rides on 
the diameter of the wheel. A section is produced 
which is roughly triangular, and which can be rolled 
in a specialized mill which will produce wire re 
draw rod of about “s in. diam 


Fig. 3—Continuous casting apparatus used in the Hazelett 
process 


During the past three years, the area of the sec- 
tion cast has been increased from 1.2 to 1.5 q 1n., 
and the associated mill has been enlarged from 9 to 
13 stand This equipment will turn out “s-in. re 
draw rod in connected coils at the rate of 3300 Ib 
per hr. In at least one installation, continuity i 
maintained through the wire drawing operation, At 
the last report” 19 of these machines were in opera 
tion making aluminum EC grade redraw rod, with 
five more being installed or on orde 

The Tessmann process: Another continuous cast 
ing method developed for the same purpose is the 
ressmann proce This is a horizontal machine 
using Junghans-type oscillation and the unique 
combination of a precision-fitted metal upply noz 
zle, lubrication through the clearance between thi 
nozzle and the reciprocating mold, and a vacuum 
chamber at the exit end of the mold. This proce 
was developed at the Southern Electrical Corp. plant 
at Chattanooga, Tenn. and wa uccessfully operat 
ing in 1955, casting 2'4-in. rounds at rates from 
1500 to 3000 Ib per hr with speed limited by melt 
ing capacity. A second machine is now in operation 
at the same plant, with a third reported under con 
truction. The billets are rolled to redraw rod on an 
adjacent mill, the final product being electrical con 
ductor wire 

A larger machine is now in the early stages of 
production, casting 2%4-in. round, in the plant of 
another company, and one machine of this type 1 
in experimental use for steel, with another under 
construction 

One important feature of this proce is that the 
metal in the mold is drawn from beneath the surface 
of the reservoir and is not exposed to air during the 
transfer to the mold or in the mold. This effectively 
eliminate the oxide inclusion problem which i 
present in all the other aluminum casting processe 
The surface resulting from casting in a_ polished, 
well lubricated mold is particularly good 

The Goss process: The Goss proce has been 
used to cast aluminum in sizes up to 5 in. round, 
with casting speeds as high as 15 ft per min on 1% 


in. rounds. This new proce uses a porous, graphite 
liner '4-1n. thick in a water-cooled copper jacket 
with lubrication apphed through the graphite. Ex 
cellent surface ts reported, due no doubt to the re 


duced friction between casting and mold With 
proper control of spray cooling below the mold, all 
alloys of aluminum can be cast. One of these ma 


Fig. 4—View into the mold through a propane envelope, 
casting a 24x6'2 in. stainless steel slab 
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f eported in dail pot tion, and develop can and Canadian preference for casting a ngie 
‘ lin ‘ iit have bee! ‘ er ! t na ath t peed, n e both been cor ae ib 
The Hunter-Douglas process The Hunts Dou iffected by the requirements of the large heat size 
} ope tor 950 pro vwhict e commor nd nece i n the low carbon 
fueu minut | n. nto vene teel field. These heats demand both high castin 
1} proc ine thi and mutt ple trand While everal of the 
Water~< edt e mounted European machines are limited in tep speed b the 
‘ cy ! ! rie rit nvement cu he ht of the machine and the col equent hazard of 
| } tir ‘ eakout it ‘ el thie ‘ a rowl tend 
‘ ‘ ment ere to ope ite at the highest peed con tent with 
th { ot have bee ted ifet Where this limitation does not ¢ t, operat- 
The Hazelett process: The Hazelett on 0 ! peeds of 32 to 36 in. per min or ibs are re- 
trie ! ! thie ter ported to be normal p actice compare vith 
eu ( t between I i belts of stee th ce the 35 in. pe min recommended as operatin peed 
‘ te cor ed f short sectior f block it for low earbon steel at Inland, and the 40 to 42 In 
! hed 1 thie ! f the ‘ min common! ised tor stainte lat on which 
les f er il of ficient heat f fifica cor jerably more development work has been done 
t operatir peed to 25 ft per min fe On the other hand, the rangement of two or foul 
Hecent ce lor it! pto Jou peed machine closel packe for multiple 
ned mad ope itior a nel ladle ha received 
nee thie ‘ nur ! ict ittention trom ou own de rie 
| pliant it | j beer While much of the earl development W a 
mn du thor f aluminus bus ba fone n the and while 12 of the 20 n achine 
t pe ¢ 0.000 Ib pe } known to be currently operating under construc 
Lhires ! ead ! ‘ Dee omy leted vere built fron Ame! can ce on two oft 
within the past ty ! ntl ise t ther con these machine are in the U.S 
rie nd experiment york be done on Of these 20 machine eight are operating as pro 
ther met neludu tee] duction machines, 4 as development machine and 
Cth cesses of ble interest for continuou } as experimental machine Three are under con 
cust ire the Rigamonti-—casti mall truction for production and one under construe 
ot omewhat to the Properzi tion for experimental use 
oe nd the Gautsel | j » he ntal proe Quality of product is entirel atisfactory in those 
‘ { t hus bar Unfortunate ufficient rade for which proper technique have been 
nformation on these processes has not been rece) ed worked out Some development work 1 usually 
necessal when running new grade or shape to 
determine the speeds and cooling condition which 
Steel will ve a product of acceptable quality 
In the continuous castit of steel it Is nec Perhaps the most important area of! development 
1 } itside the | f most of the new has been in the struggle for dependable operation 
! lerve pment i thie Arnie ! teat ndustry Record of run in the early da at any of the 
ene } beret ‘ mpressed +t thie ou plant how a long serv of short rur due to an 
4 ‘ rit ‘ it itl id ! ! umbet! ot cCaust ‘ ol the cor 
t nl the «ol j } fa ntried | “ee mon of these were 1) molten metal temperature 
\ | ‘pa ve e he mn to he f effort , too high or too low; 2) refracto failure ich a 
rice Cert ind R med at obtainir eakil toppe cracked nozzle ete ) cuttin 
rif ‘ echnigue eontinu ind a eha ‘ fa lure +) fallure aux | i 
t nave heat boot led equipment and utilits and 5) human 
i i mit ! tent \ thie ‘ iit of these } im It ha heen found that the commor cuuse of 
‘ i ed, it most interesti to find that there failure can be reatl reduced by careful attentior 
‘ t re thee expermmenta esults a uniforn to details of operation and maintenance and that 
{ that rmiplete lack n the previou the effects of the unusual occurrences can be min 
hed rey nthe t ind specialt ed as the operator ain expenmence and confi 
tent field The forme I opean preference fo dence n their abilits Most human failure can 
tit eve i trand it low peed ind the Ameri be eliminated by automat contro! 
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Abstracted from the British 


lron and Coal Trades Review 


} Russia, the most important theoretical question 
in the continuous casting of steel is considered to 
be the relationship between the depth and extent 
of the liquid phase in the continuously cast ingot 
because the minimum distance to the cut-off point 


is determined by this facto1 


Crystallization and liquid phase studies 
At the Novo-Tulskii Metallurgical Works, som 
experimental work was carried out to determine the 
depth of the liquid phase, the 
tallization front, and the speed 


olidification bound 
ary, called the cry 
of crystallization. Two methods were used: a) tem 
perature measurements inside the solidifying con 
tinuous cast ingot; b) introduction of the P” or the 
S° isotope and lead into the ingot 

Measurement of the temperature inside the solid 
for the determination of the 


duration of comple te crystallization and for the de 


ifyving ingot wa used 
termination of the average rate of crystallization 


One thermocouple was placed in the center of the 


cro ectional area of the ingot and another at 10 
urface of the ingot. The readin 
taken to deter 
mine the duration of complete crystallization, which 
corresponded to a kink in the temperature curve 
The test howed that, for an ingot 6 in. thick, the 
time for complete crystallization is 6 min and doe 


mm beneath the 


of the central thermocouple were 


not de pe nd on the Con equ ntly 
for a given section, the depth of the liquid phase 


which 1 


peed of casting 


determined by the expression L 6, in 
the linear 
To determine the depth of the liquid phase in the 


peed of casting in mm per min 


ingot, radioactive phosphorus P™ was mixed with 


normal elementary phosphorus and iron powder 
The mixture was divided into five portions which 
were placed ina bra 


teel rod 10 in. long. The rod containing the radio 


container fixed to the end of a 


active phosphorus was inserted into the continu 
ous-cast ingot at the end of pouring. The liquid 
phase of the ingot underwent rapid inoculation and 
thus the boundaries of the liquid phase were fixed 
Longitudinal and cro ectional templat« were cul 
from the ingot and contact radiograms were 
from them so as to visualize the boundaries betwee 
the solid and liquid phases at the moment of intro 
duction of the isotope 
According to the results of the investigations, the 
depth of the liquid phase should be: at the castin 
peed of 315 mm per min, 315 x 6 1890 mm and 
with a casting speed of 700 mm per min, 700 x 6 
4200 mm. Thus the results of both methods are in 
jepth of the liquid 


continuou Ca neo l directly pro 


agreement and confirm that the 


portional to the speed of casting. The depth of the 


d phase, as calculated by Roth formula 


Continuous Casting Research in the USSR 


Zone of contact between ingot skin 
and mold wall 


the skin is in contact with the walls of the mold 
only tor a small distance, the skin 
the wall 


In order to determine rational dimensions of a mold 


eparating trom 


because of shrinkage, forming a gas ap 
itis nece ary to know the extent of the zone of con 
tact and the size of the 


The extent of the zone of contact between ingot 


hi iInkupe Map 


and mold was determined according to the tempera 
To do 


plate were 


ture of the inner surface of the bra wall 
this, riveted or cold-hammered bra 
placed in the joint between the wide and narrow 
plates of the mold throughout its entire length and 
after the steel was poured, the hardne of these 
plates was measured. The part with the minimum 
hardne corresponded to the maximum tempera 
ture of 
Way howed that the zone of contact on pouring at 


eating. An investigation carried out in thi 


a speed of about 16 ft per min wa rs to O in. at 
the narrow wall 


Similar result were obtained in ubsequent ox 


periments in which temperature of the bra wall 
was measured by thermocoupl A -caleulation of 
the heat lo according to temperature alon the 


he) ht of the narrow wall of the mold mdicate al 
udden decrease in heat extraction at the moment 
the skin parts from the wall The middle of the 
wide face of the ingot parts from the walls of the 
buckled 


mold omewhat late becuuse it 


the action of ferrostatic pressure 
Conclusions 


From these and other studi itis concluded that 
1) Under experimental conditions, the depth of 


the liquid phase in the continuous! cust ingot 1 
directly proportional to the speed of extraction of 
the ingot 

2) In connection with the difference in thich 
ri of the solidifyin kin at the perimeter of a 
rectangular ingot, it essential to modify the de 


yn of the mold oa to obtain a uniform heat ¢ 


throughout the entire perimeter of the 


4) The zone of contact between the solidifyin 


kin of the continuously cast ingot of carbor teal 
and the narrow wall of the mold extends from 5! 
to 744 in. and dependent upon the castir peed 
+) An increase in the peed of continuous cust 
in Cuust “a decrease in the amount of heat ¢ 


traction from the ingot both ur the mold and ! thie 


zone of secondary cooling 


») An increase in the water consumption fo: 
econda cooling of more than 6 lite pe if 
Let dot not increase the intensit of coolin of 


AUGUST 1957, JOURNAL OF METALS— 1049 


i 
pl 
much too high the ingot Be 


Continuous Casting 


At Atlas Steels Ltd. 


by L. f 
G Ft 
and W 


Banrhardt 
Stoc k, 


U. Porter 


t commercial continuou 
located ut Atha Stee] 
wdjacent to the 


molten metal are tran 


Cont machine 
iv from the pouring pit 

ton overhead crane 
from the transfer 
round level, con 
Junghan 

alve con 

peed, cast 

and wa tempera 
harne and stop 
of ladle bricking 
with lip 

are of 30 to 
production 
pill-over 


lined tun 
velocity 
red rate 


reonla le are 


houldered design 
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A recent 12 ton experimental heat being poured. The ma 
chine operator is shown controlling withdrawal rate 


to prevent oxidation of metal and smoky combu 


tion of the rapeseed oil mold lubricant 


The molds are solid castings 20 in. long, of elec- 


tic copper, the walls being aproximately 6 in 


Vertical cooling ducts contain restrictor rod 

confine the cooling water to a 1/16 in. an- 
Water flow vari 
The mold 

during casting 

of withdrawal of the bar 


times this rate 


up to 250 gpm, according to 
mounted on a table which 
about *4 in. downward at 


then upward at 


bal upported by ty ets of pinch 
rms a bottom for the The first metal 
around one or more large tarting bolt 
erted in the top of the bar The 
in motion and withdraw the bar 
ether with the newly formed casting 
Immediately below the mold, the casting 
of a thin shell with molten cente! ubjected to 
in from which effectively 
the po remelting 


mold 
t freeze 


pinch roll art 
from the mold 


consist 
mold spray mini 
ibility of the 


thin shell and breaking t 


I 


liquid center 
comparatively 
Below the mold spray the bar ente: 
nside the pray which 
mechanical support and further cools it by 


chamber 


mounted on vertical v r pipes op 
volume 


depending 


es between roll 
between 30 and 
and speed o 

pray chambe! 

which are 
ent to support 
the roll 

ynehronized 


Complete 


ce pr ndabi 


‘ 
Welland 
elt shop a 
ported to it | thick 
meu via a t which 
Chee nulu 
cu Phe casti mold 
‘ oseilla 
type. machine the rat 
ma t hee 
ture ! 
Bottom pou ‘ 
ye inf ite 
owe ana te 
and 10 
sche elope 
nstalled behind the tundish to take an 
erflow nthe rare event of a inning nozzle 
Between ladle and mold, a refractory 
emt ed to clean. lo 
turbulence fren tream of metal at the Live: it 
(flow. Magnesia and stabilized eans of 
ised, usually single taper, round 
ywosite the 
Phe tundist preheated by is burners to approxi- 
F and any fragments of spalled refrac 80 gpm, 
pall fri 
ar I 
ement are cleaned out shortly before castu 
‘ From the bar travels thro 
« pinch 1 at a predetermined 
ind a nd exposed metal f sty 
j metal irtace tream pre ire if! 
tit The peed 
yf 
( ation ¢ eratin peed of the 
machine, and with mold oscillation 
is a . one powder torches 
(see figure), ity of the cuttin 


View of the cast bar and roller apron immediately below the 
mold 


operation is vital; many problems re pecting pow 
der flow, constant speed of torch travel, fast cutting 
and spitting back, had to be overcome 

A pneumatically operated lowering bracket low 
ers the cut bar, maximum 16 ft long, to the di 
charge carriage, which i 
from a 20 ft pit. At ground level, a pneumatic 


pusher then moves the bar from the carriage on to a 


pulled on inclined track 


drag chain conveyor which drops it into a cradle 
Hence, the bars, now around 1500° to 1700°F. are 
taken by crane directly to the soaking pits, o1 
tacked nearby. The cycle is entirely automatic 


Casting problems 


Precise temperature control is a vitally important 
factor. Accurate furnace tapping temperatures are 


ensured by scrupulous maintenance of quick im 


mersion thermocouple Temperatures at start of 
casting range approximately from 2700 to 2900 F 
depending on grade of steel, and are ke pt as low a 
practicable; this is necessary to avoid serious stop 
per erosion and ensure good billet quality. Control of 
metal temperature in the ladle within +10°F ha 
Small adjustments, only o¢ 


casionally necessary, are made at the casting floor 


been found necessary 


by argon injection. Ladles have an additional bri k 
Dolomite | f 


insulation course hovelled on top of 


the lag for extra insulation and to cool the lag in 


contact with the rod 


Circular tundishe are being deve loped for initial 
ease of brickings easiel hell maintenance, and to 
eradicate the nece ity for a total re-brick afte: 
eve heat The nozzle de y employed were 
adopted on! after extensive testir 

e of aluminun fo deoxidat or ind 


Dual torch system for cutting castings This photo shows the 
twin torches which move downward with the casting and cut 
it into desired lengths. They automatically clamp on, cut 
and release from the bar in proper time and sequence 


aluminum 


difficultic 
of 0.02 pet cause 


finement present casting 
contents in exce kulling in the 


tundish nozzle. Deoxidation is largely accomplished 
without the use of aluminum, and residual content 
are normally too low to cause trouble. Vanadium 
has been used on certain grades for prain refine 
ment; where aluminum ts desired, it is fed (as wire) 
into the tundish stream. A lip-pour tundish is being 
designed to facilitate casting metal with an alumi 
num content higher than can be practicably added 
as wire 

An occasional recurrent nuisance with all grade 
is the presence of small subsurface pas hole pre 
umed to be from hydrogen. They are most trouble 
ome with austeniti tainle tee! necessitating 
additional grinding and reduced yield In most 
grades, they appear to weld up with rolling. Their 
precise source has not, at present, been ascertained, 
but precautions are taken in melting to ensure the 
lowest possible hydrogen level in the steel. It 1 


possible that contamination can result from some 


factor or factors in the casting proce itself 
Good cleanline is usual with continuously cast 
teel Such non-metallic inclusions as are encoun 


deleter) 
ous than is the case with conventionally cast tee] 
livible, de 


quality require 


tered are more evenly distributed and le 


Central porosity is nonexistent or ne 
pr nding on the grade and its other 


ments, particularly inface 
Surface general] are good, The principal con 
tributory factor involved ure mold lubrication 


inert atmosphere protection, metal temperature, and 


casting speed. Within limits, increasing the casting 
peed—the other factors beir inder proper control 
vives optimun irface qualit though usually at 


ome cost to centetr q jality 
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Economics of Continuous Casting 


In a Converter Steel Plant 


The integration of continuous casting with converter and 
electric arc furnace steelmaking practice for relatively small 
tonnages: capital and operating costs are here analyzed. The 
range of application of continuous casting can now be firmly 
assessed, and recommendations are based on the practical 
experience and achievements of the past ten years. 


by J Morton 


Savage and J. § 


convention: 
and blooming 1 
higher yield 
has long been sought 
the entific, technical 
nade in the field of con 


been considerable. The 


q ialit 


been demon 


Cireat 
on. Ladlk 


a wide ange of tee! 


nerica 


tonnage of 


n slab, round, and 
cast continuously as a 
of thi experience thie 


on ite 


Most important field of development may 


lie in evolution of smaller steel works 
ill wl h 


equipment 
nes botl 
f production 
tal cost the po 
th consider: 


meltin 
labbing facil 
ind the 


output ofa 


cust 


} SAVAGE and J S MORTON are with Continuous Casting Co 


Ltd, Weybridge, Surrey, England This paper in its original form 
was presented at the Latin American Meeting of Experts on Steel 
jointly by the 
United Nations’ Economic Commission for Latin America, the Tech 
Administration of the United Nations, and the 


Metais, held at Sao Brazil 


making and Transforming Industries, organized 


mical Assistance 


Associacao Brasileira de Paulo 


October 1956 
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trated in 


casting of each heat of steel must be 
It ha 
utilization of 


present, the 
completed in 1 hr or le _ therefore, become 
evident that full 


will be most 


casting 
in which 
at fairly short 


converte! tee] 


continuou 
readily obtainable in a work 

mall heat 
adopting 


in relatively 
rvals. Clearly, 


practice 


made 
a work 
immediately into this cate- 
on the other hand, 
cannot, at the pre 


Come 
e open hearth furnace 
8 to 12-hr interval 

used satisfactorily with continuous cast 


pecial circumstance 


Interest in continuous casting has 
developed largely since 1945 


Ten plants are 


of 


known to be 
and 


operating In variou 


North America, and everal 


under construction There are everal 
In operation in the Soviet Union, and 

lans are now in hand for extending the 

of the 


In 1947 a detailed inve 


proce 

tigation into the physical 

problems of continuous casting was undertaken by 

the British Iron and Steel Research Assn. (BISRA) 
London. The re BISRA proce of which 

one of the principal features is the elimination of the 


ultin 
destructive effect of mold friction by the use of a 
adopted in 1953 by 


teel companie for 


lhent mounting wa 
ortium of 11 British 
plant was constructed in the works of William J« 
« Sons Ltd. in Sheffield. In addition to the ex 
nental production plant at Jessop 

rch plant has been built in the 
Sheffield. New development in 

in tablished, and the 


wide range of steels, cast into 


a 


whom a 


, a large re 
BISRA laboratory 
technique are 
being 


proce applied 


quare and lab 


High casting rates necessary 


The practical nece ity for casting the content 
rtant to 
achieved 


ration of con- 


in le than 1 hi ak it impo 
casting rate which can be 
idue difficulty in the ope 
plant It paramount 
rate hould be such as to ensure 
ished steel which will meet the 
ished product 


impor- 


objective of elimu t 
ceustil bia OouKkine 
mid re iniforn Ei 
the past ten Cu ten 
mid ren propre ! rite 
tinuous casting Of steel has maki 
cut f the proc ha gory. L 
n North At tapping 
from | to 40 tons, covering ng, except in 
pe and present limitat| 
proc are now more clearly recognized PO 
la 
thie ten and which oftes 
this atte i! 1 thie ite 
‘ ntintiou custil fle ut low Cul 
tle n output and eovraphical location. An 
thew ! trv Wwe vhere 4 
capacit ‘ tin bloom 
‘ j beyond the capacit of an existing blooming 
1 ‘Th like to be of particular nificance in 
i teel industr Continuous castin 
i ‘ ised erthe eplacement of, « 
i if ! ement to, the primat mill 
( eusti ‘ entiall a batch proce 
ection 
ithve thar i completely continuous operation; it 1 
; continuous onl ! far as each heat of steel from 
the melting furnaces is amt in one operation. At [iy 
oft 
cor 
without 
tinuous 
tance that 
eC a quality 
j requiremes 


Fig. 1—Layout of a steel melt 
ing shop incorporating con 
tinuous casting. Shown are 
1) dolomite shop, 2) lime bay, 
3) mixer, 4) hot metal railway, 
5) converters, 6) slag railways, 
7) ladle repairs, 8) arc fur 
naces, 9) continuous casting 
plants, 10) cooling banks, 11) 
billet stock bay, 12) scrap bay, 
and 13) arc furnace roof re 
pairs 


It may be shown that 


R 0.045" Ai 


where R is the rate of casting in metric tons pe 

the number of casting strands per plant, A 1 
-sectional area of the cast section in sq cm 
and v is the withdrawal velocity in m per min, Con 
equently, the time, t in min, required to cast a steel 


charge of T metric tons Is given a 
41000 T/3 nA 


l thu possible for converter charge 
to 20 tons to be cast continuously on two 
trand plants into sections down to 8 cm 

than 1 hr. On the other hand, 40-ton charg 
obtainable from small open hearth furnace can be 
cast within this time limitation only on four-strand 


plants and into relatively large ections exceeding 
12.5 em sq, or into slabs. The adoption of converter 

are furnaces as the steelmaking units thus lead 
to the 


wider range of small sizes than is possible with the 


ibility of casting semi-finished steel in a 


open hearth furnace 
Converters need to be operated on a 1l-hr or le 

tap-to-tap cycle in order to conserve heat in the 
converter lining. The tundish or launder needs to be 
changed after a running time of 40 to 60 min, and it 
umed that not le than 5 min 
after each cast to replace the tundish. It is evident 
therefore, that with a converter tapping cycle of 40 


must be a required 


to 60-min, assuming one continuous Casting 


plant per 
converter, a maximum casting time of 35 min pe! 
charge can be allowed so as to give reasonable fl 


ibility in the tapping cycle of the converte 
pI 


- 


Hypothetical examples of continuous 
casting plants 


Four examples of hypothetical continuous casting 
plants used in conjunction with converter and 
tric are furnaces are shown on Table lL. With regard 
to the converters, it is assumed that circulating serap 
amounts to some 18 pet of the converter output. In 
teelwork 


ing scrap probably exceeds this figure by an aver 


making conventional ingots, the circu 


ave of about 5 pet But ingot ¢ ropping losse by con 
tinuous casting may be expected to be lower than 
vith orthodox practice, and 18 pet may be taken a 
onable to expect in practice In addition, a max 
10 pet of the converter tonnage ts assumed 
the quantity of scrap available from outside 
ouree Of the maximum scrap tonnape from 
10 to 20 pet i 


and the 


to 28 pet of the converter output 
umed to be fed to electric are furnace 
maining 8 pet to the converter 


In order to obtain the range of tonnages given 


converters are assumed to operate on an averaype 


hourly 


conjunction with one or two electri 


tapping sequence, and these are utilized in 
furnace In 
all cases one continuous casting plant per converter 
is assumed and one plant for either the one or two 
electric furnaces. Case IV, based entirely on electri 
furnace steel, falls outside the 
the other case 

Table hows the number and type of contin 


plant required to produce 


general pattern of 


ou Common 
tee! ions within the time limitations discussed 
Contin iree shift is adopted in these 


Cause alth the present time, no work 


Table |. Steelmaking and Continuous Casting Installations Proposed 


shift Meats 
per Day 


Steelmaking Plant Furnaces Tons per Day 


Total 

Nominal Ingot 

Mutput (utput 

per Year per 
Metric Tons Metric Tons 


( ontinuous Casting Plant 


Vroduction 
af slate 


Vroduction 
of Square 
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Loca (View we pre 

Electrical Equipment 
itt rie 
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It j ed 
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Fig 2 
cluding | 


Typical twin strand continuous casting plant, in 
ladle, 2) tundish, 3) ladle support, 4) mold, 5) 
casting control station, 6) spray casing, 7) quide rollers, 8 

rolls, 9 10) billet tilt 
run-out track, cut-off 


cut-off control station 


12) fume exhaust, and 13 


withdrawal 
gear, II 


unit 


vhich 


nol 


tee 


ome 30 pet of tl will 
be i i ally 

Administration, Engineering, Contingencies, Etc.: 

illow 

Kovalties: 

patents, an " 


lable loe« 
ince Oo cL of l included 
proce 
red t 
if proy 
ve or a ton 
for idered a 
of 
Consumables 
v1 are ine 


con 
charge 
fror F niti ipply 
ten 


Apart 


uded under no provision 


umable 


Operating costs outlined 


!) Semi-Finished Yields: In de 


percentage 


con 


ladle in 
and botton 
Structures length 
ne cut 


be « 


pected 


04 pet 
Labor: 


lopted continu enstiy the cule er 
ed here 
1> 
| 
Capital costs outlined 
Adequate stir ence avallable 5 av ‘ 
! rien ‘ tries ‘ trnent and iv 4 
rit cost of continuou ‘ tir Th enable uu 5 
lirect economic comparison to be made between Se — 
eontinu j erties nd the orth ce 
tice of it t mold castir followed ngot striy 
Continuous castir nts norma , bye tu 4 
ated in the ¢ tir ten NOU} ine area o¢ = 
conventional practice but t? eduction | 
nthe stock bay may be thie trippe cram H 
} i, | 4 
equired in conventional casting ba The elimina I \ 
tiew the usual castu mits « mold be ‘ plat 
‘ 
and mold pre mation nad trippiu 
| | 
permits some mplification of the meltiz hoy } 
The height of the conventional bay nor 
ma iid ifficient iccommodate col 
| 
castir ni Vithout difficult It cor : tT 
i? 4 
dered that the Moption of contimnuou casti 
existin feel ild nm balance equire no | 
Mditional capital investment on buildin or crane 
ibove that required fe i conventional castu ba 
No pre on for buildin or crane therefore 
made in the estimate 
capital cost Table Il ‘ 
follow 
1) Utilities 
VA fer { pump i locn serve 
nd pre ‘ tructural stl] for the casti towel ete 
‘ j ork ‘ 
ided mia 
Pre ide for the distribution u 
Rlectriecit | ‘ of the comparative! ight 
i posed by the continuou nt cove 
separate ibstation transfor 
P ‘ fis ide for cablir an 
4) Cutting Gases that a bulk ox 
ipy i thie elt | iad ti K 
wert ene ll be pure ed container mold 
[dist } re i, made for consi 
, Ventilat Fume exhaust pre ded fron 
cut-off] 
melting shop facilities will be sufficient. P on th: 
howeve le tering to the il per yield of emi-ftinished ter to he expected 
ol ded ti i tit t ed f mn average ise that 
‘ All motor h 
ate 
ent and 
Compl uous casting plant 
it-olf pea t cisy equipment, and cos elds of large slat 
ne bed luc to one and to approach 97 pet for ss=—_< 
‘ ! ided 2) labor force requirement ire based on 
! hop fe old in &-hr day with 12 crev for 11 shift giving 
ten foul f ther iverage of 6 da i week of plant avatlat ty, 
equ i tenance orkut ! veek. The labor force to cover 
kshoy intenancs not ine here Hut it cor dered 
ect i ‘ pr eparately later 
lec ill t of Gas: Ga the most convenient fuel for pre 
enh net fered heatir the tundishe Fact tundisl hould be pre 
ine ended f ! hee tect fe pout } prior to « fir ind the heating 
the | f 1 of the 1 e continued throug! it the casti special 
paper , — complete plant } tundishes have been deve ped wi h enable tI to be 
trans} ted It to be expected veve that the lone. } t ilar] vhetr mal ections of the order of 


Table II. Investment Costs for Continuous Casting Plants 
m Thousands of Dollars 


Cassel Case ll 
txt Strand ta? Strand 


Case Case IV 
Strand txt Strand 


Table IIl. Labor Costs for Continuous Casting Plonts 


Nve 


\ve Man 
per shitt 


per Ton at 
per ton per Man 


Operating 


Fig. 3—Comparison of investment and operating costs be Maintenance Force 
tween |) conventiona! ingot casting, soaking pits, blooming 
mill, etc., and 2) continuous casting 


ential in 

z= 

oughput ating | on 0.30 pet 
per tor und! 


na ts per t 
aerea VTil i have been 


including additive 
consumption 
are con 


hown in Table IV 
ured that each 


quan 


7) Refractories: It 
TI pt a y ast, together with 
a pal i rit ul iti 
town gi nay taken a $5 per A fopper em umed to 
strand and per hr for four trand ope! con ple tel j procedure 
Cor required for castit 19 en es an estim: ral of $1 $3.00, and $6.00 
: e IV the expected | ! ist, respect for ) vo, or four-strand 
umption and re based on town 4) Molds: Wate: led and cont ly lubricated 
costing 30.025 per $0.0057 per 1000 k | mold ure found 
+) Electricity: elects 


bite ( ompared vith 
ical orthodox il] ( 
pel trand vhich about 


tundish 
new 


derin 
ection (12 


wou 


ften ibrected to 
Vater circulatl ition 


rm yo} init ) liquid steel 
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nance fore ¢ expected to ca mil tor 
rf ing treatment 


refor 1 that the 
costs for all i 


SO O06 
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‘ pel ton 
r ci ! 9) Cut-Off Costs 
») Water: The mo sled by ate! torche 
recirculated tron 


propane 
with iron powder most commonl 
( ised fe cutting the iterial 
ute pl must depend on the itting 
depends on tl hen short 
irbor teel 60,000 ption of 
hed 


per ton 
cum per ton 
j Wael! per ton at 
1) per ky The ma 

average tee] rodus i ther 
per strand, then consu f 


Taku the 


iterial cost 
per ! trie ton 
n, or $0.0] 


ites 10) Maintenance 
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in d number of 
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cation of the inner mold wa lubricant most 
videly used is rapeseed ou w hii na pe int ad 
vantages over mineral r} lubricant ery effec 
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Table 1V. Summary Of Estimated Operating Cost for Continuous Casting Plants, Dollars Per Metric Ton of 
Semi-Finished Steel 
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Comparison of costs with conventional 


proc is particularly suitable for integration with 
converter and electric are-furnace steelmakins 
The investment cost per ton Is « timated to range 
from about $12 per metric ton for an annual output 
of 80,000 tons to a litthe under $7 per metric ton 
where the output ij $00,000 tons per year These 
ind the corresponding amortization are fal 
ower than those prevailing in works based on 


primary mill 
Operating costs per ton are not markedly affected 


by the size of the works, over the range considered; 
however, the do show ome reduction with in- 
creasing output due to decreasing labor cost pel 
ton. Excluding interest and depreciation charges on 


capital, the operating costs range from about $7.30 
per metric ton for an 80,000-ton output to about $5 
per metric ton for $00,000-ton Output 
It is concluded that in works with outputs ranging 
from 80.000 to 300.000) ton per year, continuou 
casting may entirely replace conventional ingot cast 
pit, and prima! mill practice, with 


! init 
considerable savings in investment and operational 
f ting work 


cost Alternatively in the case of ex! 
rimary mill is not adequate to deal with 
an increased output from the melting shop, con 


tinuous casting will surmount this difficulty, as a 


rtion of the production mav be cast directly into 


hed 


ectior 
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Continuous Casting Of Three Types Of 
Low Carbon Steel 


by F. G. Jaicks, L. E. Kraay, and M. Tenenbaum 


ene IGNITION of the benefits to be gained from pers Co. Inc., embarked upon a program to evalu 


the continuous casting of molten steel into fin ate certain aspects of continuous casting in order to 

hed or semifinished products has been given by determine whether the proce could be applied 
eentific mind ince the very beginnings of steel practically to an existing integrated steel plant pro 
plant technology. In fact, Sir Henry Bessemer i ducing large tonnayves of carbon steel To assist in 
credited with the first of a long list of patents’ issued this evaluation a study was carried out in which 
by the I S. Patent Office for a proce which would everal type of low carbon steel were continuously 
accomplish this desirable end. None of these early cust in an existing machine. It is the purpose of thi 
deus attained practical succe and, as a result, the paper to review some of the results obtained in the 
conventional method of teeming into ingot mold casting tude and to interpret the information 
became an integral part of modern steelmaking that was obtained so as to indicate factors that must 
operations. This procedure, although refined to keep be considered in assessing operating limitations and 
pace with the change which have come about in plant capacitie 

teelmaking and finishing facilith recognized to Despite the early interest in the continuous cast 
have inherent shortcomin which adversely affect ing of steel, the actual application to the steel in 
manufacturing costs and steel quality dustry is relatively recent At present, there are 

Interest in the continuous casting of steel persist about 25 operating plants casting steel, most of 
because the proce l directed toward uavoidin which have been built in the pust decade None of 
ome obviou weaknesse of conventional ingot these plants could be classified us large in terms of 
casting. It has been recognized that should it be the tonnages that are being processed by the major 
possible to substitute any of the continuous casting integrated teel plant 
technique under current development for ingot In contrast to the ituation in the teel industry 
castu it would no longer be necessary to make there has been widespread adoption of the continu 
large capital investments in primary rolling equip ous proce in the casting of nonferrous alloys, pat 
ment, the sole purpose of which is to reduce ingot ticularly aluminum and copper. As a result, much 
cast to a form rollable on finishing mill The of the basic information that was required to apply 
result reported in the continuous casting of non the proce to steel was developed in the nonferrou 
ferrous metals and specialty steel ndicate that in Industrie In this respect, a most important contr 
addition to avoidiu the prima y rolling mill there bution wa the ade velopment of the Junghan 

ome basis for expecting significant improvement tem, which was initially designed for the casting of 

eld irface, and internal quality nonferrous metals and later apphed to the castin; 

tecognizing the shortcomings of the conventional of steel 
procedures, the Inland Steel Co., in cooperation with Alternative methods for casting have also been 
Atlas Steels Ltd. and the Freyn Dept. of the Kop proposed b bubcock and Wilcox Tube Co., the 


British Iron and Steel Research Association,” and 
F. G JAICKS, L. E. KRAAY, and M. TENENBAUM, Members the Gebruder Bohler A. G Rach of these method 


AIME, are Asst. General Manager, Primary Production Group; Asst is now being used succe fully for the casting of spe 
Superintendent, No. 2 Open Hearth Dept.; and Superintendent, cial steels in small experimental plants or in modest 
Metallurgical Dept.; respectively, East Chicago Works, Inland Steel zed commercial] steelwork 

t Ch o, | 
Co., Eas C scEge, nd The original J inghan proce Wau first de veloped 


TP 4617C. Manuscript, Apr. 2, 1957. New Orleans Meeting, 
February 1957 


in Germany. Further application of the proce ha 


been made by Kossi in other countric The experi 
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Fig. Schematic drawing showing the general arrangement 
of the continuous casting plant facilities 


asis for thi 


plant utilizing a Jung 


report were 


mold system and designed and 

‘ Koppert Co 
indamental work that has been carried out 
continuous ca f teel has been 
In an excellent series of paper 
provided a technical insight 
Phi work of Speith and 
ded a 


well a 


erentific analysi of 
practical 
considered in applying the 
teel. Kramer and Tarmann 
information regarding tem 


fer conditions existing in 


Boichenko, Rute and Nickol 
increased activity in 
application of the 

rve seal teelmak 

bring out the 
carbon and alloy steel 


report 

de rat 

ive been successfully continuously cast in Russian 
Recent Ru an papel also deseribe 
everal approaches to problems that must be solved 
in order to introduce the proc into large isting 


teclwork 


plant 


ind new steelmaking 

In conventional ingo austing practice there are 
of steel th are normally used for the 
heet products. The greatest 
proportion of low carbon hot and cold rolled sheet 
rhe dominant posi 


four type 


making of low carbotr 


obtained from rimming steel 
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tion of rimming steel I uch low carbon applica- 
tion tems from th ul facto! ach of which } 
directly or indirectly 1 to 1 fact that large 
volumes of gas art vol during ingot solidifica- 
tion. First, rimmiun; may be produced without 
j addition to the 


major deox! liquid 
Second, a reason- 


makin} 
irnace 
able irface quality can be obtained without re- 
orting to costly conditior of the rolled 


Third, ph to product yield can be 


metal tapped from the 


product 
imply y xercising moderate control 
ves result- 
combination 0 t lave led to the 


attained 

during the teeming peri 

ing from thi 

widespread adoption hi - of steel for the 

manufacture of tee] 
Mechanic 


garded as a modification of rimming steel, |! also 


application 
capped steel, which may be re 
used widely in the manufacture of hot and cold 


rolled sheet With 


of steel has an advantage of gre: ngot to product 


controlled practice thi type 


yield and decreased segregation as compared to 
conventional rimming steel 

Fully killed steel is also used to make a significant 
tonnage of low carbon sheet product This grade 
at a distinct disadvantage to rimming and mechan 
ically capped steel because of inherently lower in 
Probably the most common 
With 
carefully controlled percentage of aluminum, it 1} 
heet product with 


pot to product yield 
deoxidizer added to killed steels is aluminum 


possible to develop a cold rolled 
improved resistance to aging and, for certain appli 
cation improved deep drawing characteristi Un 
fortunately, the presence of these controlled pet 
centages of aluminum leads to increased costs for 
during processing. In many 


urface conditioning 


instances, the disadvantage outweigh 
tages and, as a result, the actual tonnage 
of steel that 1 


Finally, there ! ome tonnage of 


made | omewhat limited 
emikilled tee] 
used to make low carbon sheet products. On higher 
carbon steels, it has been recognized that the semi 
killed practice { lead an increased ingot to 
product yield whi till retaining reasonable ul 


‘ 


face and internal quality. On carbon 


tee! these ame characteristi can obtained 


«ai 
readily with rimming or mechanically capped steel 
Accordingly, the amount of semikilled steel used for 
the manufacture of low carbon hot and cold rolled 
heets 1 preat 


prominence in the conventional 


of hot and cold rolled sheets, many steel 


Fig. 2—Water cooled copper mold for continuous casting 
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approximately 5 pct for reproduction 
sing and 
designed 
appeart d 
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tee] 
the test 
igating 
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chat 
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prod 
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idized 


fabrication procedures are 
accommodating rimming 
therefore, that part of 
be toward invest 
of rimming 
ome of the 
of teel 
improved quality and 
might not apply to the 
uct obtained in continuous casting. According 
involved the casting of 
partly completely 
silicon 


proce 
toward 
logical, 
hould 
casting 
however, 


program directed 
the 
It 
acteristic 
teel, 
ngot to product yield, 


continuou 
mized, 
advantage 


propertie 
that 
rimming 


Wa recot 


uch a urtace 
ly, 
tudie al 0 low ‘ 
teels that 


with aluminum or 


were ol deox 


Description of Facilities 
were ¢ out 


tee] 


The asting studie arried 


located adjacent 


continuous ¢ 


ting machine to a 


Table | 


Dimensions of Continuous Casting Molds 


Used in This Study 


Length 
In 


Width Thickness 


making shop which was comprised of six tiltir 

electric furnace in a line The rated capaciti of 
the individual electric furnaces in the shop ranged 
from 6 to 50 ton The heat that were cast in thi 


30 ton electric 


tudy were melted in either a 6 or a 
furnace 

The casting faciliti were located in a towel! 
type building extension in line with and just be 
yond one end of the electric furnace shop. The steel 
making plant included a conventional casting bay 
where most of the tonnage produced was poured 
into hot top molds from standard bottom-pou 
ladk (The term bottom-pour-ladle refers to the 
fact that liquid metal flowed from the ladle through 
a nozzle located in its bottom rather than through a 

pecially designed orifice located at the lip.) 

The bottom-pour-ladles used in the tests were 
equipped with manually operated stopper! tem 
Ladle linings included a course of insulating bloc} 
next to the ladle shell to reduce temperature loss¢ 
As a further temperature lo preventative, the 
ladle were preheated to approximately 1400 fF 
prior to use 

Magnesite ladle nozzle were used on several of 
the early heats made in the study as it was feared 
that erosion would adversely affect the close control 
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tr 


Fig. 3—Deep etched sections showing structure of slabs from same heat 
0.20 tb Al per net ton. b) RIGHT: Mold addition 


cast with different amounts of aluminum added to 
0 36 Ib Al per net ton. X0.22. Enlarged 


(3733 


of metal flow which is necessary for successful con 
tinuous casting. Because of the tendency for the 
liquid metal to chill as it passed through the mag 
nesite, regular fireclay nozzles were adopted for the 
majority of the test heat For the heat sizes of thi 
tudy the fireclay nozzles were not subject to seriou 
erosion and proved entirely satisfactory The most 
common fireclay ladle nozzle diameter wa 1 in 

Jecause the casting machine was located in a 
building somewhat removed from the conventional 


ting bay, used to transfet 
heat 


ment 


Cu unique 
the casting 
included an electri 
track 


containing 


equipment wa 
plant Thi 
ally driven cat 
the « 


continuous ¢ 


into transfer equip 
which ran 


Ladle 


were 


extending into asting bay 


tee! 


on a 


liquid fol asting 


carried from the furnace to this car by the pit crane 
The transfer car then carried the ladle of steel out 
of the pit building to a turntabl After being 
turned 90°, the ladle was moved to a position under 
an 80 ton casting plant crane which traveled on a 
runway more than 50 ft above the pit floor level 
The casting crane hoisted the ladle to an elevation 
above the operating floor of the casting plant which 
was $1 ft above the pit floor level. Normal elapsed 


Table Il. Types of Steel Cast in Experimental Program 
No. of 
Heats 
Nim Analysis, Pet Cast 
6 
Type of Steel Mn s fon Ton 
K d On trac 
r ed* 0 OF ole ot trace 
i 008 OO 17 
i ik 1 On 0 ooo oo trace l 
‘ ed oon OO 
by ulfurized Of 0 00 tric 
t ‘ ed 2 ‘ 10 600 
time required to deliver a heat from the furnace to 
casting position was 10 min 
The casting plant facilitic which have been de 
cribed elsewhere are shown schematically in 
Fig. 1. The casting machine facilities included the 
previously mentioned operating floor, a completely 
enclosed apron spray section 20 ft above pit floor 
level, withdrawal roll and mold oscillating equip 
ment 10% ft above pit floor level, provision for 
burning off billets and slabs at pit floor level, and 
equipment for removing the cut cast sections located 
in a pit below pit floor level 
The operating floor the location where the 
molten metal was conveyed from the ladle through 
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Fig. 4——Continuous casting data chart for rimming steel heat 
No. 3754. Liquid metal analysis ladle test): 0.09 pet C, 0.45 
pct Mn, 0.009 pet P, and 0.028 pct 5 


trouph-type tundish to the water! cooled coppe! 
casting mold, Fig. 2. For these tests, an empty re 
lined closed-bottom-ladle wa 


in a manner which provided emergency 


fractory po itioned 

contain 
ment facilities in the event that there was a loss of 
control of metal flow from the 


while it was in it 


bottom-poul ladle 
pouring position above the ope! 
ating floor 

A covered refractory-lined trough-type tundi h 
uitable to receive metal from the tapping ladle wa 
positioned so that one end was over the emergency 
lined le This end was left uncovered to receive the 
metal. The trough nozzle which fed the molten 
metal to the casting mold was set in the opposite 
end. Magnesia and zirconia nozzles were u ed in 
the trough throughout the test The nozzle bore 
were round and ranged from 4 to 14% in. diam, de 
pending on the flow rate desired. Optimum cond) 
tions of flow from the tundish were attained with 
a liquid me tal head in the trough of approximat ly 
18 in. Since the metal he ad in the tapping ladle ex 
ceeded this value for a con iderable portion of a 
cast. and since the ladle and trough nozzle 
repeated ladle hut 
required in order to maintain a flow 


were olf 
the same order of magnitude, 
ofl were 
balance. It was generally necessary to open and shut 
the ladle nozzle approximately 30 times during the 


pouring of a 30 ton heat." 


I i ‘ i nd nece 
I i f four t be 
‘ yy be i ‘ ifn ate 
both the t! Tr f i ed to the 
pou f eel pe i D equa d eter of nozzle in lr and h 


The trough tundishe were 
operated 


equipment with a 
mall manually topper rod to permit 
hutting off the flow of me tal into the casting mold 
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Facilities for preheating the trough and for in- 
troducing heat into the liquid metal in the trough 
provision included burn- 
and independent 


were also provided. Thi 
ers for natural gas, propane fa 
piping for oxyren 
Detail of the 
hown in Fig. 2. The casting mold, which was Ca t 
of OFHC copper, was designed with a number of 
The pau upe 
to the wate! 
and to the plant sewer system The inside face ol 
the mold was 
to prevent 


water cooled casting mold are 


internal water-cooling passage 


were connected by rubber hose ource 
carefully polished prior to each use 
eizure of the metal during casting The 
cro ectional dimension and length of the mold 
used in these tests are given in Table I 

The casting mold wa provided with small outlet 
entire top surface through which regu- 
lated quantities of rapeseed oil were pa ed during 


around it 


casting The oil ran down the mold walls to act as a 
lubricant for the solidifying casting hell as it moved 
vertically downward through the mold. The mold 
linked to the 
linkage, a vertical 


wus supported by a table which wa 
withdrawal rolls. Through thi 
oscillation was imparted to the mold during the cast 

The operating control and control instrument 
of the casting plant were located on the opt rating 
floor. Included were controls for casting withdrawal 
mold water volume, spray wate! volume, and mold 
lubrication, and gage and recorders to indicate 
water pressure, water flow and casting speed 

The apron spray equipment wa located immedi 
ately below the operating floor. In the apron spray 
zone, the continuously cast bar, withdrawn from 
the mold, was sprayed with sufficient water to « fTect 
ubstantially olidification The 


pray equipment was compr! ed of box framework 


complet apron 


of light idler rolls arranged to form a central open 


* 
. 
4 + 
aoe 


es 
++ 
+ 
. 


Fig. 5—Continuous casting data chart for rimming steel 
heat No. 3736. Liquid metal analysis (ladle test 0.06 pct C, 
0.37 pct Mn, 0.006 pct P, and 0.027 pct S 
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Table III. Chemical Analysis and Casting Temperature for Continuously Cast Rimmming Steels 


Analysis, Pet 


Metal Entering Trough 


P 


0.008 
0.008 
0.010 
0.010 
0.011 
0.010 
0.009 
0 008 
0010 
0.010 
0.006 
0 008 
0.009 
0.008 
0.020 


ouple 


and the 


Steel 
Temperature, °F 
Cast Product* 
Into 
Mold 


Into 


Trough 


2770 
2760 
2800 
2700 
2700 
28151 
2835 
2840 
2860 
27703 
2810 
24350 
2820 
2850 


2860 
28060 
2890 
2875 
2910 
2005 
2020 
24680 
2065 
2465 


0 008 
0.008 
0 008 
0010 
0.007 
0.010 
0.008 
0 007 
0.009 
0.008 
0.010 
0012 


met 


dimension 
section being cast 

Secondary spray 
entire periph- 


ectional approxi- 


Thi 


wate! 


ing having a cross 
mately the same as the 

framework was 10 ft long 
applied to the casting around it 
through of nozzles which 
tioned between the successive idler roll 


housed in a 


Wa 
were posi- 
All of the 
apron 5 ft 
tight enclosure equipped with a vapor exhaust sy 
for the outgoing wate! 
the spray chambet! 
mooth roll 
controlled it 
There Wa 
of these roll 
the each al pall 
the cast These 
had motor crews to enable them to be 
adjusted for varying widths of The 
for the rolls also imparted the mold 
oscillation through The 
ynchronization between the mold oscillation 
through 


ery 29 banks 


pray equipment wa q wate! 


tem and discharge duct 
the level of 


of motor 


two 
upported 
rate of 


were 


et driven which 
the 
withdrawal from the casting mold 
ft di 
The rolls were 


bore on the 


vertically cast bar and 


vertical tance between cente! 


arranged so verti 


of 


ame tace ection 


roll driven 
ection 
for 


arrangement 


cast 


drive powe! 


a pearing 
propel 
roll was regulated pecial 


and movement 


cam 
The 


Piven ove! 


ting machine wa 
ary to cut the cast 


Two oxyacetylene powdet 


the ca 


nece 


level of 
facilitie 
lengths 
mounted on 
for cutting the continuously cast bar 


ground 
to the 
bar into proper 
a movable Carriage, provided 
A 
the 
began their cutting opera 
opposite of the section, meeting 
to complete the cut. The distance 
controlled through a 
relay The de pth of 


lab length to a max! 


torche 
the me 
the 


two motor driven torche 


an 
carriage moved downward with the casting, 
from edge 
the 
between 
eri of 
the discharge 
mum of 16 ft 
After length had 
and lowered into the discharge 
veyed to a skid transfer, from 
up by a crane, after which it wa 


tion 


neal centel 


uccessive cuts wa 


automatic electri 
pit limited the 
evered, it was cradled 
pit. It was then con 
which it picked 

weighed and piled 


a been 


Wa 


General Sequence of Casting Plant Operations 


In these studies, a total of 31 heats were produced 
delivered to the casting seca of 
difficulties, casting plant data were ob 
27 of these heats. The various type 
hown in Table II 

the de 

ting of 


and machine ise 


ope 
tained on only 
of steels cast are 
A indicated 
plant, continuous c 


rating 


of 
tee] is a 


the ca 
ion of 


in cription ting 


a ucce 
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vital operations, the most prominent of which are 

1) delivery of liquid metal to the plant in refractory 
lined ladle 2) flow of the ladle, 
through distributor trough, and the casting 
mold; 3) formation of the cast section in the water 

cooled mold; 4) withdrawal of the casting from the 
mold; 5) heat removal from the casting; 6) cutting 
the and 7) removal of cut lengths of the 


metal from 


a into 


cast bars: 
t bars 


There 
tapping 


deviations from normal furnace 
the test heat Tap tem 
controlled to a range consistent with 


were few 


and practices in 
peratures were 
those used in conventional casting practice for 
lar steel grades. Slag was removed from the furnace 
just to tap in order to reduce the 
hot ladle. This practice wa 


to reduce leeve erosion. Additions of burnt 


priot volume of 


lag carried in the used 


toppel 


Fig. 6—Continuous casting data chart for rimming steel heat 
No. 3851. Liquid metal analysis (ladle test); 009 pet C, 
0.42 pct Mn, 0.008 pct P, and 0.040 pet $ 
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Heat 
1085 009 0.33 0.025 009 0.33 0.025 ai 
1086 010 044 0 025 040 0.025 
1087 0.08 0.34 0.030 009 032 0.031 
664 0.10 0.37 0.031 0.09 O34 0.029 "ay 
1672 0.10 0.40 0.030 010 O38 0.029 
677 0.08 0.56 0.032 009 0.30 0.0354 ‘a 
0.09 0.42 0.025 0.09 0349 0.024 
710 0.12 0.33 0.08 O33 0 029 
713 0.10 0.37 0.031 0.08 0.34 0.031 wa 
$7333 0.26 0.034 0.08 0.25 0.035 
0.06 0.37 0.027 0.10 0.37 0028 
749 0.07 0.45 0.039 0.10 042 0.037 Be. 
{754 009 0.45 0.028 oil 041 0.040 
0.09 0.42 0.040 009 0.40 0041 a 
879 0.09 0.36 0.037 0.07 0.28 — 0.034 Rei 

* Average f four check ana ‘ Be: 
Temperature of metal ir old was 2775°F (plat im 
{ Near the end of the cast the temperature dropped to 2755°F EI mmm) froze in the nozzle Le 

ca 
kere 
~ 
Wore 

‘ 
‘ 

Wore 
£00 

— 
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Fig 7--Deep etched sections from two continuously cast rimming steel heats cooled with different quantities of secondary spray 


water a) LEFT: Bulged section; secondary cooling water 960 gpm ‘not adequate). b) RIGHT: Acceptable section; secondary 
cooling water 1100 gpm. X0.22. Enlarged approximately 2 pct for reproduction 


to 


ladle 


durir Prior to opening the ladle nozzle for the first time, 


and ‘ were made 


lap reduce heat loss and to guard furthes mold cooling water was introduced. Suitable pre- 
wale etracto! CTOSion caution were aken to prevent condensation on the 
Phe trough vere preheated to approximate! nner mold walls. The ladle stopper was opened to an 
2600 F before casting was started. During the pout immediate full tream and the liquid metal was 
! operation, heat lo wus combatted b introdue allowed to flow freely through the trough and into 
! Tue ind oO» en into the trough, Thi technique the castin mold. The trough stream characteristi 
| ed ve elective The average temperature of did not attain the desired degree of sharpne until a 
the metal enteri the trough was close to 2900° fF easonable head of metal was developed in_ the 
Vith the use of fuel and oxygen in the trough the trough. However, no adverse effects resulted from 
¢ temperature of the metal entering the mold the early ragged stream characteristics, presumably 

is about 2440 F. With these temperature the because the original flow collected against a re 
metal flowed readily into the casting mold and uni tractable stool in a manner similar to conventional 
operatir conditions could be attained. (The castin When the liquid metal in the moid ap 
preeedi temperatures were obtained by means of proached the desired operating level, the secondary 
in Optical pyrometer with an em ivity correction pray water was permitted to flow. At the ime time 
of O04) vithdrawal of the dummy bar (retractable tool) 
and the oscillation of the mold wa tarted, thus 
marking the beginning of actual continuous casting 


operation 


Operations at the casting level during a cast con 
. | | ted of 1) controlling the metal level in the trough 
a> through repeated interruption of the ladle stream 
‘ft | means of the stopper mechanism; 2) controlling 
:* i the level of metal in the mold by means of control 
— es equipment regulating the speed of revolution of the 
vithdrawal rolls: and 3) controlling the deoxidation 
of the metal through the use of an aluminum wire 
feeder which fed controlled amounts of deoxidizing 
aluminum into the trough stream. Indication of the 
need for reater or lesser amounts of deoxidizing 
iiditions was obtained through observation of the 
metal behavior in the mold and the examination of 

° ~< the torch cut sections of material already cast 
On completion of a cast, the trough stopper wa 
closed to prevent slag from entering the casting 
mold. Withdrawal of the casting was discontinued 
before the upper end of the casting emerged from 
a the bottom of the mold. Withdrawal was resumed 
a ae only after it was determined that solidification of 
a the entire castir was completed. This precaution 
if vas taken to guard against eruptions of molten steel 

tt n the spray chamber 
Casting of Rimming Steel 


The rim steel heats were worked down to low car 


a pon, u ! lance oxygen and ore for ca bor removal 
Fig. 8-—-Continuous casting data chart for aluminum killed Because of difficulties in coordinating steel refining 
steel heat No. 3780. Liquid metal analysis (ladle test). 008 ind castin plant activitse it was not uncommor 
pet C, 0.39 pet Ma, 0.008 pct P, and 0039 pct § to hold heat n the furnace at a low carbon for a 
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rf 


Accordingly, the oxidation level 
omewhat higher than would 
steel 


prolonged period 

of the metal at tap wa 

be expected for electric furnace rimming 
red into conventional ingot 

The standard ladle deoxidation for rimming steel 

0.6 lb Al per net ton of 


directed toward evalu- 


to be continuously cast wa 
liquid metal. In experiment 
ating the effect of ladle deoxidation on rim thick- 
ne and the control of metal action in the mold, 
the ladle aluminum was varied in the range from 
0.5 to 0.8 Ib per net ton This level of ladle deoxida- 
tion 1 recognized to be considerably higher than 
that used in conventional casting of rimming steel 
Three contributed to this higher aluminum 
requirement. First, the metal was held in the furnace 
for a prolonged period at low carbon, and this led 
Second, the slag was re- 
moved from the furnace prior to tap and for a brief 
therefore, the bare metal surface was ex 

posed to the oxidizing 
dition which also would lead to a higher oxygen 
level in the steel. Finally, to ensure positive con 
trol of metal action in the continuous casting mold 
ignificantly le 


facto! 


to increased oxidation 


pe riod 
furnace atmo phe re, a con- 


it wa nece ary to maintain a 
than de 
of rimming steel 


vigorous evolution of ga ired in the con 
ventional casting 
The only alloying ladle addition was ferroman- 
This addition varied through a wide 

(from 4 to 12 lb per net ton) 
idual manganese in the bath prior to slag 
As described earlier, one 


re adequate casting 


range 
depending on the re 
removal 
techniques used to 
temperature involved di 
a stream of gaseous oxygen onto the surface 

liquid metal as it flowed through the trough 
It was estimated that the oxygen wa 
into the trough at a rate of about 60 cu ft per min. It 


would normally be 


introduced 


expected that In an operation 


from 


Fig. 9—Continuous casting data chart for silicon killed steel 
heat No. 3847. Liquid metal analysis (ladle test). 0.07 pct C, 
0.27 pct Mn, 0.010 pct P, 0.036 pct S, and 1.76 pct Si 
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fre 


Fig. 10—Continuous casting data chart for silicon semikilled 
stec! heat No. 3794. Liquid metal analysis (ladle test): 0.08 
pet C, 0.38 pet Mn, 0.012 pct P, 0.036 pct S, and 0.07 pet Si 


where a stream of oxygen is directed over the lq 
uid metal would take which would 
interfere both with the meeting of the desired ladk 


reaction place 
analysis and with the control of metal action in the 
Table II] shows the change 
rimming teel heat before and 
through the trough. The table 
temperature change On the 15 rimming steel test 
heats there was an average drop of 0.02 pet Mn in 


mold in analysis of the 
after passing 


also gives data on 


trough with individual value 
While this lo in man 


pie ut 


passing through the 
ranging trom 0 to 0.06 pet 
vanese is penerally undesirable, it is not 
to prohibit the use of the oxygen 1 the 
wus interesting to note that the 


this manner did not result in any consistent drop 


trough 


of ox’ 


in carbon content 
hown in Table lil were mea 
Phere 3 
a definite question regarding the absolute 
There 


relative 


The te mperature 
ured with a 
therefore 
accuracy of the measurement 


tandard optical pyrome ter 


no obviou 
reason, however, to question the value 

The data in Table III indicate that under the cond) 
tions of thi tudy, the drop between 
the metal leaving the ladle and entering the mold 
ranged from. 100 F. Near the end of one test 
the temperature of the 
dropped to 2735 KF. at which time the teel froze in 
the 


temperature of the metal in the mold was measured 


temperature 


metal enterin the mold 


the refractory nozzl On one heat (No 
by ‘ of an immersion Pt--Pt-Rh thermocou 
ple. A reading of 2770°F obtained 

A In convention: F ing ome minor adjust 
ment in deoxidation metal 
left the ladle. In routine operatio i cely that 
this final deoxidation would rri as the me 


tal enters the trough. In this investigation, however! 


the final deoxidation wa accompl hed as the metal 
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Table IV. Heat Removal Data for Several Rimming Steel Casting Conditions 


Average Casting Speed \verage Rate of Heat Removal by Water Fstimated Rate of 


Cooling Water, Gpm Btu per Min Heat Loss by Slab 
Neo of section In Lb in Cooling Zone,* 
Heats (ast, In per Min per Min Mold Secondary Molds Sprays Total Biu per Min 


entered the mold. This was done in order to pet dition was attained with a mold aluminum addition 
mit direct observation of the effect of changes in of 0.36 lb per net ton. While the mold action unde: 
‘ dation on pas evolution and cast structure Th these condition Was quite ibdued and easily con 
final adjustment of deoxidation was most critical trolled, the solid rim wa o thin that poor surface 
nee it was nece iy to develop sufficient action to quality was encountered in the hot rolled product 


It 


chat 


contact 


met 


The charts given in Fis 4, 5, and 6 are intended 


| how the manner in which mold deoxida 
tion cal ifTect the cast structure. The tructure to indicate the progre of several typical 1 mmin 
hown in | ja was obtained when the mold de teel heat The heats were cast through either 7s 
dation bordered on the level at which uncor or *4 in, stabilized zirconia nozzles. It can be seen 
trolled boilis would be obtained. On this heat that the durations of these casts were from 38 to 52 
ich a condition was encountered with 0.20 Ib Al min. The withdrawal speeds ranged from 32 to 50 
per net ton added to the metal entering the mold in. per min depending on nozzle diameters and 
At that point, it can be observed that a substantial metal head in the trough. With these linear speed 
nT ey lid m zone was obtained Phe atric the casting rate ranged from 940 to 1390 lb per min 
ture how? n Fi th wa tminad | ncreasin The volume of water used to cool the mold wa 
mold de lation on thé ime heat to the point held steady through each cast and ranged from 200 
where mold action was easily controlled. This cor to 225 gpm. The total secondary water was also 
kept steady on the individual heat the value 
anging from 950 to 1050 gpm. The charts bring out 
the fact that while the temperature increase in the 
mold water was fairly teady throughout each cast 
there was a steady rise in the temperature increase 
bs of the secondary water. Presumably, a large part of 
od the heat extracted by the pray water was used in 
; heating the mass of equipment in the enclosed apron 
ne oe | roll section early in the cast, and a steady state wa 
not ipproached intil a considerable castin period 
had elapsed 
Table IV presents data indicating the effect of 
casting rate on the manner in which heat removal 
iccomplshed. The measurements on which these 
{ eate data are based are by no mean exact However! 
i they do permit some general observations regarding 
the heat removal proce It nteresting to note 
ee that le than one tenth of the total heat removed 


by the water coolin ystem was taken out inittall 
nthe mold. The data in Table IV indicate that with 
nereasing castir rate there is a correspondir n 
ere n heat 1 val both in the mold and in the 


i ystem 


The amount of mold cooling water 


amount of secondary coolir water used or ndivid 
700 to 1100 


cult to detect the nfluence of the rate of water it 


Fig. 11-—Continuous casting data chart for silicon semikilled ‘ 
steel heat No. 3830. Liquid metal analysis (ladle test). 0.09 found to influence the final dimensions and shape of 
pet C, 0.40 pet Mn, 0.007 pct P, 0.027 pct S, and 0.07 pet Si ‘ 
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24% 6% 24 040 22 f 2.504 63.001 70,004 
24 7 2 6.206 70.008 406.204 ast 
24 24 2 Th 40.000 
2a xt 1155 OM 7 20 44.00 #1.500 412.000 
— 
Fis ntended to ind ite the general nature of the 
he ve boilin ind foaming that ed t type stee More detailed dis 
presente later paper 
cold mold irface 
teat ‘ ‘ +} nd. the 
' - plication on the quantity of heat removed in the 
eacting svsten For a ven casting rate. however 


Table V. Chemical Analysis and Casting Temperatures for Continuously Cast Killed Steels 


Temperature, 
Analysis, Pet 


Ladle Deoxidation ‘ t Product 
as reduc 


Metal Entering Trough 
Into Into 


Lb per 
Alley Net Ton Mn r s Trough Mold 


ulate the ray ‘ I rder to obtain uniform ats were made in an effort to deter 
if the cast mine the maximum amount of aluminum that could 
be added to the metal being cast in thi ystem. It 
determined that with 2.7 lb per ton Al added t 
ladle, there was a buildup in the tundish nozzle 
uch interfered with the metal flow. It is interest 


application Wi onto the irlace 
lab. Fi i the influence o econdary 
ection. The ‘ ion Fi Ja wa 
950 gpm of secondary coolin vater. Th 
econdary water inadequate 

there wa 


compat on 


in to note that v 1 1.76 pet Siin the metal comin 


from the ladle only 0.06 pet Sit was lost 


ame speed using 1150 gpm through the trough 
7. With the rey ooling uy in and 9 plant data for one of 
aluminum kill he and for the high siheon 
ut rhe casting times for the heat hown in Fis 
6 and 9 were between 40 and 45 min. The castin 


Casting of Killed Steel rate for the aluminum killed steel, Fig. 8, increased 


teadily throughout the casting period. The volume 


dimensions of the cast lab were 


the inner mold section 


aluminum and silicon deoxidized stee] 


ing the 24 x 6% in. section slab mold of cooling water used in the mold and in the second 


irlvy constant throughout the 


work it became evident that there Vel ary pray remained fa 


proble m associated wit} the cont vain, about 30 min wa required to approach 


of low carbon aluminum teady outlet temperature for the secondar pray 
water The outgoing mold water temperature wa 
ady throughout the cast. The volume of 


plication did not flow rez . - water wa considerably lower than that which 
magnesia nozzles. Second th ani found to be necessary for casting rimming steel 


killed steels containing aluminu 


Ca ] now bein ised 


centage of soluble aluminum in. the 
there was an extreme tendency toward for 


refractory crust ove the irface g Out 
the mold. A result, there w derable a = 


al if i con 
trapment of nonmetallic material in the product 
urface. In in attempt to avoid these difficults just 
enough aluminum was added to the ladle to remove 


essentially all the dissolved oxygen, after which an 


additional amount was fed t » mold 
With this mold deoxidation practic 
to specify the exact anal) 
comes fully killed {eco 
ome uncertainty in the 
num deoxidized 
killed. The an: 
Table V 
In addition the work done aluminum | 
teel, ome w carbon steel he was made wv 
killed by addin; wt Si the ladle. Steel 
lalysi commont he manufacture 


rolled sheet 


Fig. 12--Continuous casting data chart for vanadium treated 
semikilled steel heat No 3878 Liquid metal analysis (ladle 
test) 0.06 pet C, 033 pet Mn, 0011 pet P, 0037 pet 5, 
0.05 pet Si, and 0.034 pet V 
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Heat 
No 
Alu 2 07 0 007 0 002 0004 
Alu y 4 20 0.02 2 0029 of 201 
847 754 Fe 27 ( ‘ 1.76 0.27 012 70 2080 
* Tempe ture of et i 2740 ‘ ired t i plat i ther 
Both 
cast, 
tins 
custing 
First 
rar 
Na 
| 
ition of 
Wate 
= 
aae 
Wate 
ilt 
be 
\ » Were 
in 
ed . 
ch 
f 
of 
hot and cold HEE; for electrical steel appli BS. 
cations. Analysis and temperature data for th high ‘ 
ilicon heat are also giver n Table \ : ~ Ly 16 
The ladle analy and changes in temperature 
that occurred a the metal flowed fron the ladl 5 ome 
through the trough and into the casting mold 
hown in Table V. Again it was found necessary t aa 
the oxy na is heatir foohr ‘ decerihed 
. 
earlier ir 
pa ne tl 
| 
Vaile ne 
mir tes 
nese conte 


tee! 


1066 


Heat see 


I hit ! ite fe the hipt licon steel built cial control procedures it has been possible to de 
p t n" mum alte LO) mut emained fairl elop acceptable properties in steel deoxidized with 
tant 1 then dropped off rapidly to d the carefully regulated percentages of aluminum. When 
end of the t I} lute fecrenus¢ mn causti peed these percentage of aluminum were approached in 
is i ‘ i th a restriction to flow caused b th tudy, the casting conditions were intolerable 
! brent lve efract tre h nozzle. Du and irnface quality was not acceptable 
t of the cast, the mold water temperature Experience has shown that when enough silicon 
mained Cu I constant Despite the apy added to low carbon steel to effect complete ce 
ition of constant wate olume in the seconda datior the properti required for many cold 
pra i stead ithet temperatu A not reached ied sheet applications cannot be developed. It 
fuble VI heel emoval fat j vus not considered within the cope ol th invest 
killed steel casti conditior The linea vith ition to initiate major studies to attempt to develop 
iwi peeds on the individual heat inged fror properts in low carbon killed steels deoxidized 
7 1 wou ‘ mil hich for killed steel and the vith elements other than iheon and aluminum 
ctor bn oduced ive ¢ tir its i! ! Accordingly, a study was made of low carbon semi 
fro 50 1 700° th pe mil \ vith mit \ ed steels to which only a small quantity of silicon 
tee ! mall fraction of the total heat removal is added in the ladle and which were deoxidized 
coor hed in the mold. The data on alun furthe I a controlled aluminum addition to the 
im killed steel indicate that the amount of heat « mold. The amount of silicon used for ladle deoxida 
tracted by the mold coolin ite ed with cast tion is intentionally kept low (under 0.08 pet) in 
! beats d that the actual amount wv bout th onde for the effect on product hardne and duc 
me as fe mn teel cast at the same ite, © tility to be held to an acceptable level. For the put 
! biipel con steel, the fraction of the heat ¢ | e of th Investigation uch teel were called 
tracted in tl n was} than on eithe emikilled 
slur led steel It Iso interesti to not The answer to the question regarding the purpose 
that the quantit of wate ised in the econda of continuously casting rimming or semikilled steel 
the h neon teel A i cor cle il Con ideration of Ca tructure and il 
' er than quired on at f the othe te face quality. These will be discussed in more detail 
covered in thi ‘ With the see ! pra n subsequent papers. For the purpose of tl report 
te nh ! the killed ten race nowevel it may be pointed out that on the low 
nth tudy, the final cast section remained reasotr ( bon steels and with the casting rates covered in 
ibly close to that of the inn mold dimenstior t} tudy it was possible to obtain improved prod 
ict irface with certain semikilled steels as com 
Casting of Semikilled Steel pared to that which was obtained with rimming ot 
In conventional castir emikilled stee ire ger full iluminum killed low carbon steel 
ans norder to obtain ma ld of a The refinu practice u ed or the low carbor 
eptable product from a er ! t we ht The " lled teel heat Wa generall the ame a 
} «that occu cha ti illy lid that used on mimi tee] The heat vere worked 
fieat ‘ emikilled ste« compet ited, at least flown to low carbon content la removed, and the 
' contr lamount of formation. A efine metal tapped. Deoxidizer ferromanganese 
} tant attribute f the conti ( tit pro nd sl thickenin agents were added to the ladle 
. that, b ts ve nature, the shrink e occu Final deoxidation was adjusted through controlled 
! fur hidification is compensated fe by the mold aluminum addition. Th mold aluminum ad 
eonti is fl of liquid metal into the mold. A dition varied from 0.10 to 0.40 lb per net ton, de 
question n then be used regardi the purposs pending on the casting conditions and the practice 
mtinuous! i semikilled type of steel feat being studied 
\ similar question may also be raised regarding the lable VII gives the chemical analy of the sem 
casting of rimmin teel killed steel heats included in this phase of the study 
The present invest tier Vil lirected prin ] Core ittempt wa made to deoxidize in the ladle 
toward tl ‘ tir of plain carbor teels for hot isi! only a controlled quantity of aluminum. Or 
Hed and cold lled sheet application It ed the balance of the heat the primary ladle de 
ed that tool ised fe t} Hose ist he live va 50 pet ferro licor final licon 
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Table Vi. Heat Removal Data for Several Killed Steel Casting Conditions 


Estimated Kate of 
Heat Loss by Slab 
in Water Cooling 
Zone,* Btu 
per Min 


Average Kate of Heat 
Kemoval, Btu per Min 


\verage Casting Speed 


(eoling Water, Gpm 


Ib 
per Min 


In 
per Min 


Nowale 


Mold Sprays Total 


Mold 


Sprays 


of the 


drop 


en ountere 
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Cast, In 
4 ‘ 85,000 426 425 004 
7 “4 ‘ # ‘ 
t be ‘ juid met ‘ g the i the ting lea the water « 
and ductile ifter proce i Ihe presence of any anal Wi im the ime ranve a expected in 
ubstantial precentages of deoxidizir clement ! conventionally cast semikilled steel With the ex 
uch sH/i@ usually increases the hardne and inter ception HE aluminum deoxidized heat, the mar 
fore with response to anne il By introducin pe nese Ei in pa through the 
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encountered on rim 
to note that there 
between the 


final product 


than wa 


interesting Wa 


content metal 
ladle and the 
of the 
emikilled 
yrometer ) 


ihieon 
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-Deep etched structure from two continuously cast semikilled steel heats cooled with different quantities of secondary 
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Fig. 14—Effect of casting rate on heat removal by mold 
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Table Vil. Chemical Analysis and Casting Temperatures for Continuously Cast Semikilled Steels 
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mary factor governing the rate of heat removal wa 
the rate at which iiquid metal was introduced into 
the molds. The points plotted in Fig. 14 were taken 
directly from Tables IV, VI, and VIII. For the most 
part, the type of carbon steel being cast had little 
effect on the rate of heat withdrawal. An exception 
» this pattern is indicated by the single point giving 
the average heat removal attained in casting low 
carbon high silicon (1.70 pet) steel. The rate of heat 
removal on this grade was substantially higher than 
was attained for the ame metal flow rate on the 


unalloyed steel. As a matter of general interest, a 


photograph of a typical cro ection taken from 
higt ilicon heat hown in Fig. 15. The 
tion characterized by a far more pronounced 


columnar dendriti olidification pattern than wa 
obese ed ry the product of anv of the other tee] 


cast in th program. It is speculated that this pro 
nounced columnar freezing pattern reflects a con 
tinuous temperature gradient condition during so 
lidification which, in turn, could be associated with 


the improved heat removal 
14 includes points for both the 24 x 64% x 20 

n. mold and the 21 x 5% x 20 in. mold. The three 
points for the maller mold section seem to fit the 
main line reasonably well 

Points are also shown for the 8'4 x 11% in. bloom 
ld. The two points for this bloom mold fall far 
ibove the extrapolated line for the slab section. The 

tion of the points indicate that the rate of heat 
emoval in the bloom mold wa far lower than 
would have been expected if the metal had been 
cast in the slab section 

Exactly why the points for the 21 x 5% in. mold 
conform to the line for the 24 x 6% in. mold is un 
certain. Tentatively, this has been a med to a 
combination of features among which may be in 
cluded the narrower mold and possibly some un 
certainty in the measurement 

The first indication of excessive casting peed 


enerally appeared in the form of small longitudi 


nal corne crack As the conditions became more 
marginal, the longitudinal corner cracks became 
continuou and there wa ome minor bleeding 
through the cracked edge Such a condition could 


culminate in a complete liquid metal breakout 
through the corner of the casting. The photograph 
hown in Fig. 16 indicates the manner in which 
cracks appeared in two types of steel 

Table IX has been prepared in an effert to indi 
cate the safe casting rates that were attained under 


the conditions of thi tudy Many mechanical fac 
tors other thar peed influenced the attainable cast- 
t rate Some of these factors are the machine 
ilignment, the arrangement of the water pray 
metal temperature lubrication of the mold wall 


ind the level of liquid metal in the mold. The tabl 
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through the mold. F 14 has 
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Fig. 15—Typical deep etched structure of continuously cast killed low carbon steel containing 1.70 pct Si. Note prominent 


columnar freezing pattern. X0.22 


imply lists the peed for individual heat 
along with the observed corner condition. It bring 
out the fact that for all three types of steel 
a sound corne! attained when the 
peed did not exceed 35 in. per min. Above this cast 


casting 


condition wa 
ing speed there was some cracking in at least 


corner. Only one exception to this general pi 


can be seen in Table LX. The ¢ xception Wa 
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on a single heat of rim 
without cracking with 


and atte mpt 
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exc of 45 in. per min invited metal breakout 
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made of the temperature of the 
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ection, Casting peed 
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urement actual 
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upper surface area. These temperature 
tandard Pt-—-Pt-10 pet Rh thermocouplk 
equipment, and there was no reason to feel that 
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of the liquid 
tream enter 
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casting period there was visible stirring 
metal due to the action of the 
ing the mold. On the rimming heats, thi 
action was augmented considerably by gases rising 
from the liquid metal. It is presumed that the sti 
ring of the liquid metal in the mold led to the con 
tant temperature conditions in the liquid metal 
rangement of the 


metal 
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tudied, 


indicat the thickne of skin 
frozen in the time required for a section to travel 
the effective length of the 24 x 64% in. mold used in 
thi tudy. It 1 


the two curves are different in form, the calculated 


on curve simply 


interesting to observe that while 
value are of the ame order of magnitude 
rhe curve of Fig. 17 brings out the fact that ther 
a significant drop in the emerging shell thickne 
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mold used in thi 
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When the hell thickne 
there was a breakout hazard 


mum 
0.45 in. wa 
cls <ing at the 


Cornel 
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from 24 
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rolled United Stat In the 
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heet and strip in the 
peed attained on the nat 
attained 
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tions of the same thickness up to 40 in. wide. On thi 
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extended to indicate the annual capacity of a sing 
trand casting slab 
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min. It can be calculated that each 
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Fig 16-—Deep etched sections showing corner cracks in two types of steel. a) LEFT: Rimming steel. b) RIGHT: Semikilled steel 
X05 Reduced approximately 30 pct for reproduction 


i ‘ of the many uncertainties that would lab might be expected to cast about 70 tons per hi 
rite ich a consideration If 1 hr is accepted as a maximum permissible cast- 
Phe precedu discussion brings out the fact that ing time, the weight of metal sent to the casting 
sidition to the aetual withdrawal speed, the ca plant should not exceed 70 tons per strand. For nar- 
paucity of any custing plant is influenced by the size rower slabs, the weight of the metal in the ladle 
by bear cust, the availability of the castin must be lower. Thus, if a plant is expected to ac- 
vehiine nd the ability to deliver steel as required commodate complete heats larger than 70 ton , mul- 
the machine. For any given operation, the size tiple trands must be provided. Since multiple 
thie b cust would be determined by the final trand plants are being successfully operated, thi: 
juired in the shipped product and the amount does not preclude the handling of larger heats; but 
of reduction that could be accomplished on the it must be recognized that the equipment as well a 
juipment used to roll the cast slab into a final operation becomes more complex with such a pro- 
duct. The availability of any casting machine posal and potential for yield gain may be lessened 
lepend n la « measure, on the actual facil The preceding analysis would indicate that steel- 
ties provided and the manner in which the casting making units which tap about 70 tons would be 
| operated A pointed out earher, 50 pet readily adaptable to the casting of slabs for a popu- 
bailit ppears to be an optimistic but reason lar range of hot and cold rolled sheet production 
ilue to expect from a well engineered plant Modern pneumatic converter processes are being 
he extent to which it is possible to take full ad designed to tap tonnages of this order. Accordingly, 
intupe of tl 0 pet availability for a given ma it might appear that from the standpoint of heat size 
hine depends, in turn, on the type of steelmakin; uch units could be coordinated with casting plant 
being operated in conjunction with the operation 
stir plant It nterestin therefore to com While electric furnace are constructed with facil 
pare several types of steelmaking plants with re ities to tap considerably larger heats, very few unit 
et to the idaptability to this type of continuou ure in operation that tap heat too large to be 
ting procedure handled by two-strand machines casting slabs in the 
From the previous discussion, it can be reco above size range In this respect, it sho ild be recog- 
nized that a single strand plant casting a 642 x 40 In nized that practically all steel continuous casting 


plants now in operation receive metal from electri 
furnace 

The modern open hearth, on the other hand, 1 
designed to tap heats the size of which is consider- 


ably in exes of the values being discussed. It ap- 
pears, therefore, that if continuous casting proced- 
— int are to be considered for the modern open 
hearth hop, a large and complex multistrand ma 
chine will be required to handle the steel of a ingle 
heat. Alternatively, it would be necessary to tap 
heats into more than one ladle, adjusting the quan 
tity to be sent to the machine according to the size 
of slab to be cast 
rhe other factor that must be considered in rat- 
ing the capacity of a casting machine ts the ability 
to tap a heat (of prope! ize) whenever the teel | 
required. One of the characteristics of pneumatic 
eee — processes is the regularity of the operation. Thus, 
Fig 17--Calculated effect of casting rate on thickness of from the standpoint of its ability to tap heats ac- 
shell emerging from 24 by 6'2 by 20 in. mold cording to a closely regulated schedule, a Besseme 
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Libra a. Subsection: Petroleum Domi Midwest Oil Corp 
Group: Institute of Metal Sinclair Bld, Fort Worth. Texa 
St. Loui »9—Dalla 


Gordon M. Bell, Alco: arch Fred L. Oliver, DeGolyer & Mac man, Cleveland 
‘ P.O 1x Naughton 1625 Daniel Dalla Detroit—M. Groat, chairman, Ecorse 


Ill Mich 
‘an Francisco Fastern—C DD Moore chairman 
Norman, Jr., 41 Sutter St yron si Jr... Magnoha Petro Plymouth Meeting, Pa 
709. San Francisco. Calif PO Natche; Northern Joseph Turner 
chairman, Youngstown 
Pittsburgh—D. L. MeBride chau 
man, Pittsburgh 
Southern Ohio Paul Sammet, chau 
man, Ashland, Ky 
ynold Mining Southwestern K Camphe 


Black Diamond Coal é ‘olorado Plate 
2229'» First Ave., North "S$. Ary, 1340 Houston Ave., Grand 
\la. Subsection: East 


or 


chairman, Houston 
Western Carl Wissman 
Jakersfield, Calif 


A. T. Cape, 724 South Victory Blvd ‘orp Box 39% ixite, Ark 
Burbank, Calif. Subsection: South 9—; 
er! Sierra Jt Inion Oil Co PO 
37—Southwest Texa 
Storer Pan Americ: 
Corp., Box 1980, Cor hristi 
Subsection: Aust An \ibuquerque 
Hobb 
uthwester? i tobert M 
W. Boise, 91’ Box 19 
Hugotor 
G. W. Godf Panhandle 
1-State Zinc & Lead Pipe Laine ‘oO tox 979, Liberal 
n. P.O 63—Panhand 
D. Ker 
Peninsula mpa, Tex 
d Technolog 
Subsections: Muir 
lation, Exploratior 


Nuclear Papers 


(Continued from page 1024) 


Halliburton 

ind Minu ‘oO vel y Bl ‘olo. Subsee 
Lake 


of Light 


Dept of the 


Atomic Energy in Industry Confer 
ence 


Hot Laboratories and Equipment 
Conterence 
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chairman 
Test, t Kdward G. Bol 1 Creorge 
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The pplication Rad ‘ 
tent t by Paul F. ¢ 
NES¢ tructur Feature the 
Vaste Disy te f the Shippingpert 
‘ tat Shippingport, Pens 
by H.T. 
JESC-5 late ft Shield 
Giler 
Cont { iad tive Mate 
the Weter by 2 
I te qn wt 
‘ 
ect FE Hoedde 
JESC-5 t Cestu d 
t tium f ed Metal Oxide 
4]—Ute n Diss f High Level Waste 
Refining G nd W. Durt a 
1980. Salt ESC ‘ ! tute ue 
Handling Treatment f 
Eldridge, ¢ Mo Everts, Ji HW ¢ 
Jesse A. Miller, Branch ===! George G. Brown, Mobil Producing Clare “ a 
Co., P.O. Box 25448, Billing Mont 
Interior, Washington, D 67-New York Petroleum 
13—Wyoming Gordon F. Ahalt, Chase-Manhattar ‘ 
piete ¢ ‘ er 
J pence Ti 00d Oil Ce Banh 16 Pine t Nev York are tate t $15 each the D 
PO. box loil, Casper, Wyo ference B 1, 460 Park Ave.. New Yort 
44--Spindletop 68—Illine Basin Petroleum 
J. A. Buvens, Dowell Inc., Box 2353 Bill G. Harmon, B. G. Harmon Set i 
Beaumont. Texa ce & Equipment, Box 309, Car nail 
45 } rida | ‘ pape pre ed be 
1° ‘ ‘ ed at $10 each ASME Orde: 
Herbert R Quit PO Box 175 19 Southern Califor t Petroleun ) 9 West 391 t., Ne York 14, N. ¥ et 


AROUND THE SECTIONS 
St. Louis Section M thie tir f Gee 
‘ j 1) ed ‘ | ‘ 
‘ ty on stior ‘ hiy 
The the f IMD f i three-year 
The elting Division of the Ari 
‘ vona Section met at in Manuel 
te n Manuel n Ma 
4 ‘ j Lu i ‘ ed at the Ti ple 
‘ Cafe thie re tra 
! ilterr or ‘ con 
° © Connecticut Section’s jon f field trips t igh the smelter 
ted fe p erhe duriu hict 
the had acce to the 
ent perati The tall and fore 
} rie nd t il er que 
A Col t f th oup. In the evenin 
tt Rot ckt ind rine ere 
thee hie the i f the Ranehe 
| be ind jest ! ittend 
Meet 
1 Cou e lhe Washington, D. C., Section 
Wolcott. ¢ Guest nized a field trip on June 4t) 
ted the P Rive er 
1 t tate th Potomac Elec 
f the Riel Frederick 
e Chicago Section it hit t ise of sucl 
t ! nad electron 
thie put quij 
i? 
(; nad eA field i held t 
fYord the Lehigh Valley Section on June 
py tunit fi 4 Membe ted plant No. 4 of 
IME t | Pruch It } ‘ the ol 
10) | i i i hin 
j } ‘ { j fire ircti 
‘ Group held it ist eotu of the 
i ent ‘ ‘ | June 20 
‘ for i of 
M ( ited Gin 
f research at the 
en Plastic M D f the National 
| fiat ( | The topie of 
peecl Properte 
e'| Oregon Section ot M P gs Contaiming 
| t, Port } 1 t 
t} ‘ 
, @ The embe Niagara 
‘ Frontier Section listened to a discu 
this ‘ ot 
ta ter n Wedne 
, ' M it the Pa Lane Re 
, | } the Dept 
t K tt Met New 
‘ re 
| Pennsvivania- Anthracite It he the first 
Section, VW W IN has beer im fessor botl 
my ted | t ( i ture Ru ‘ 
A 1 W I] 
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Two recent films on aluminum are 


now available for free loan. In 
Jluminum on the March, a 28-min 
movie in Eastman color, produced 


by Jam Handy Studios, the camera 
roves from bauxite mines to rolling 
mills, showing how aluminum is 
mined, reduced from powder to 
metal, cast, rolled, extruded, pressed, 
and coiled and shaped into end 
products ranging from packaging 
foil to airplane wings. 

Aluminum im Modern Architecture 
a black-and-white film produced by 
Richard de Rochemont, runs 13!, 
min. It is a camera report on how 
aluminum is revolutionizing con- 
cepts of design for churches, schools, 
offices, factories and homes. The 
film will be of special interest to 
engineers and architects 

Produced under the sponsorship 
of Reynolds Metals Co., the movies 


may be obtained from Association 
Films Inc. at the following ad 
dresses: Broad at Elm, Ridgefield, 


N. J.; 561 Hillgrove Ave., La Grange, 
1l.; 799 Stevenson Street, San Fran 


cisco, Calif.;: and 1108 Jackson St., 
Dallas, Texas. 
Education 

(Continued trom page 1077 
ence and mathemati Fach re 
earch fellowship is of five yea! 


$4200 


equal amount 


duration a yeal 
fellow ind an 


to the institution. Each teaching fel 


and provide 
to the 
three year duratior 
tipend of 
$1000 to the 


ind innual 
$3000 to the 
institution 


provides an 


fellow and 


Appointments to seven of the ten 
research fellowship have been 
nade 


& Ninety-three education institution 


vill benefit next vear from the col 


ege aid program of American Vi 


cose Corp. In announcing the plan 
for 1957-1958 academic year, Henry 
H. Bitler, viee president, indicated 
that the chool vill benefit by 
mean of fellowship cholar hip 

ints-in-aid, and a tance through 
educational foundation 
> Ur | t of Mictl at Ann 
Arbor ha cheduled Lroup of 
course in management science and 
computer technolos from August 
i9 40) Given | the faculty of 
the college of engineer the 

i ‘ ire oper thy ‘ wre have 
the equ ilent of a fou ‘ college 
course n | ne enginecring, o1 
crence 

Topi to be liscussed are the 
ligital pute! the technique ot 
probat t ! tatistical inference 
for \ busine problen in 
which onl partial information 1 

ulable; methods of ramming 
sine operatior vith reference 
t nventory control, machine sched 
iling, human capabuiliti ind limita 


PERSONALS 


Philip J. Hastings has transferred 
from Pittsburgh to the New York 
office of National Carbon Co 
ion of Union Carbide Corp 


Henry S. Wingate, president of I 
ternational Nickel Co. of Canada 
Ltd., was awarded the honorary de 
gree of doctor of laws at the annual 
convocation of the University 
Manitoba The citation paid tribute 
to Inco program for aid to hig 
education in Canada and a! 

in the development of northern 
Manitoba by the opening of two 
nickel mines at Thompson and Moak 
Lake 


Carl E. Reistle, Jr., Past-President of 
AIME has been named executive 
vice president of Humble Oil & Re 
fining Co., Houston. He had been a 
member of the board of director 
ind Vice president in charge of 
the production department prior to 
his new appointment. During hi 
tenure as President of AIME, Mr 
Reistle took an activ role in the 
reorganization if Institut 
which led to the chang fron the 
three-Branch structure he pre 
ent Society of Mining Engineers, the 
Society of Petroleum Engineer and 
The Metallurgical society vithin 
AIME 


S. D. Strauss, American Smelting & 
tefining Co., New York, was elected 
pre lent of th American Zine In 
titute at the annual meeting. Vice 
pre ident elected at that time ar 
J. D. Bradley, The Bunker Hill Co 
San Francisco; Clarence Glass, Ana 
conda Sal Co., New York ind Hi. 
L. Young, American Zine Sales Co 
St. Lou Continuin as treasurer 
and executive ee pre dent and 
ecretary respectivels are 
Daveler and J. L. Kimberley. In ad 
dition to the officers named, the fol 
lowing were elected a director 
R. B. Caples, The Anaconda Co 
New York; R. L. MeCann, The New 
Jersey Zine Co New York: G. W. 
Potter, Potter-Sin Mine In Jop 
lin, Mo.; H. L. Young, American Zinc 
Lead & Smelting Co., St. Loui F. 
A. Wardlaw, Jr., I: ternational Smelt 
ing & Refining Co., Sal 

Miles M. Zoller, The 

Co Cincinnat and William J. 
Welch, National Lead Co., New York 


Valter Hochschild, president of The 
American Metal Co. Ltd na been 
nan, effective August 
|, to succeed Harold K. Hochschild, 
after 4 to be 
il and 
he ame time Hans A. 
Vogelstein will become president. He 
had been vice president I 


Herbert S. Cohen, 


elected chair 


and controller Vill take charge 
ance, Donald J. Donahue, a 
tant treasurer, will become trea 


NOW you can apply the unusual properties of individual 
heavy” rare earth elements to special scientific projects 
Michigan Chemical Corporation offers oxides and salts and 


certain metals in production quantities and in high purities 


Prices are reasonable, too. There's no need to develop 
alternate specifications because of cost problems, You can move 


from pilot plant to finished production might now 


Whatever your project reactor technology, special weapons, 
electronics, alloys or cermets — Michigan Chemical can 

upply your rare earth needs dependably. Our “heavy” rare 
earth plant is now on stream and ready to serve you 


Write for information and technical data sheets 


RARE EARTHS AND THORIUM DIVISION 


MICHIGAN CHEMICAL CORPORATION 


564 North Bankson Street, Saint Louis, Michigan 


YTTERBIUM « THULIUM « ERBIUM « HOLMIUM « DYSPROSIUM 
GADO NIUM « EUROPIUM «© SAMARIUM VYITRIUM 
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operatior for their paper 


irded 


etal 
H. M. Low, 
pov d on. Two Pitt 
irgh consultants, J. A. Patterson 
ind Edward W. Hopper, hay 
ist 


pany 


| 


been 


1} ce 


a 


retained to 


the 


a 


netal 


velopment 


ri ion 


Aaron M. White, 


yroup 
Co 


aboratoric 


the tafl 


dye 


nor 


Clement Matthew Anson |) been 
cho ident of The Er 
Ir Car He took 


on June at the annual ! 


t} Institute 


pre 
if ada 
12 


in Alber 
Richard J. Wilson 
Squarcy, of Inland 
of the 


titute 


Charles M. 
Co 


and 
Steel 


were 
CO lron 
Tech 
Tron 
ented 
Other 
Lightner 

paper 
} a 


ner 


Meeting 


ind Steel 
the 

Vore 

pre 


1956 


nical ard re of 


thout More 


on 


Furnace 


Oct. 17 
M. W. 
Vanderbeck, of 
co-author of the 
Involved Brittle 
August F. Mohri, chict 
The Steel Co 

th In 
Metallurgica 


and 


and 


] 


Stee 


Fac 


W. S 
orp 


in 


Ved i 
ipel 
Jesign 


Ope ration 
Linea 


© peneral meetir 


Akerlow 


noted 


neeri 


na 
i} 


Oakland, 


Mt 
Rudolph Tietig, 

| Pl Div 


nee! ilso 
Jr. 
int 


+} 
‘ 


for 19 1958. They 
Richard T. Kroupf; 
F. L. LaQue; 
Clark, Arthur E. 


officer 7 


dent 
| 


Juve, 


dent ree 


CO ——~z~z~ rrr tributed in an outstandir manne! Ltd. in Belem, Brazil. Mr. Beall had 
et ol to furtherar of the profe ol been with the AEC in Washington 
ol 
W. Diamond, retired executive Thomas, director of Battell 
‘ I he j and ‘ pre dent estert ol of Memorial Institute Colu Du Onio 
( ‘ Conse dat Minit omelt a iW il nonorary aepree 
Mies Cory ripe ng Co. of Canada Ltd., Trail, B. C of Doctor of Engineering on May 10 
peer warded the i996 Gold Michigan College of Mining and 
SEE Newmont Ex; Medal of the Institution of Mining — Techno Houghton, Mici 
ition Ltd... G Valle nd Metallury; Londo n recog 
1 the pit et i i] nition of h listinguished service J. F. Pritchard & Co., Kansas City 
purt ‘ hu ( to the mune ndustry Canada Mo ha established a me on 
. if ‘ president of CIM, he i pecializing in extractive metallurgy 
1} ‘ cle oe vere irrently pre lent of thie parti i] i ne to tre el 
thie Montana of Ce onwealtl Minit ind Metal 
Mire June 7 ij il Conpre to be } fin Car 
— la this year. The Congress con 
rien of ‘ tember ind det ite ther 
etallu 3 pend the next 32 da ting 
ries i Colorado principal mining, metallurgical, and 
iltant eneru wel oe petroleut nstallation nd major 
pre lent and «directo: Dulaney tie n Canada the Con §=formerly 
Mirus (‘es G nd J ' ’ Cole re in Halifax. N on October 9 leader at American Cyanan 
M Miulovze pre lent New Stamford Re earen Labor 
ont Mining Co, New York. Mr. R BEES has been appointed Stamford, Conn., has | —___ 
‘ el i! re it tar of Nuc le il Meta Ire ( | 
neo (% t Helena. Mont faa , pre lent Mia In | new post, Mr. White will 
| ant Profs onal on ure na thie col tye er wed in fabrication velop 
warded | the Montana hool of executl ttee ment 
over a five to tet ear period, estab forme \IME Mar 
hed prot ireer of | catior nd Editor of 
live Ce have been it respotr project eting of 
bile ipacit md who have cor vith Katse \lumunic 
A 
Ltd., re 
7 ect n the 
~ nw" of a Neu 
to divisior manave! Eng 
Dept., Kaiser Engineers, 
4 =~, Calif. In hi new capacity Mr Aker 
- low ill be re por ble for the engi 
\ neering of the $194-muillior tee! 
pian exXpat pre i LO! I 
steel Corp it Fonta i, Calif He 
- ohh in ilso in charge of Kaiser Engineer 
etivitie n expan n progran 
the Sunnyside co ‘ n Utah 
ind the Eagle in 
California K 
nnounced th 
has joined the 
principal enginee! mn the pany 
it flice mn Oat ind, Calif 
The American Society for Testu 
itior of 
iré pre 
tors, C. L. 


J. H. Koenig, Rudolph E. Peterson, 
and Russell W. Seniff. 


J. Herbert Hollomon, manager of the 
Metallurys ind Ceramik Research 


Dept General Electric Co., Schenec 
tad na beer appointed as chall 

an of one of three new committees 
established | the National Academy 
of Science The cemmittee is part 


of a comprehensive investigation be 
National Academy 
f Science of the relation of cren 
tific trends to the program of the Air 
Force Air Research and Develop 


ment Command 


James B. Austin has been promoted 
to vice president, Research and 
Technolog at the United State 
Stee] Corp Pittsburgh 


Louis D. Alpert has advanced to gen 
eral manager of the Eastern Dept 
Federated Metal Div American 


melting & Refining Co 


MEMBERSHIP 


ADMISSIONS COMMITTEE 


e des ‘ end 
t in t 
i de ‘ ‘ 
‘ i fied i t ‘ ers 


Members 


H t Ont 


Associate Members 


Quebe 


Junior Members 


HANGE OF STATES 
Associate to Member 


KEINSTATEMENTS 
Members 
Des I ‘ 
KEINSTATEMENT—CHANGE OF STATES 
Junior to Member 

Kut I entu I 


K 


Student to Juntor 
Graftor M 


West j Spok 


OBITUARIES 


Lawrence A. Callaway (Member 
1915) died recently jorn in Marsh 
field, Mo., in 1885, he received a B.S 
degree from The University of Ari 
zona and an S.D. degree from Har 
vara Univer ty Mr Callaway 


taught at the 


a short time He joined the Ana 
conda Co ifter graduation from 
Harvard and wa associated with 
that organization for many year 
both in the United State and South 
America Mr. Callaway worked for 
both Andes Copper Mining Co. and 
Chile Exploration Co. in Chile 


C. G. Atchinson (Member 1939) died 
on 195% at the ave ofl 
Born in Carver, Minn., in 1905, he 
attended Marquette University and 
received a BS. in chemical eng 


neering fron the University of 
Notre Dame. Shortly after gradua 
tior Mi Atchinson oined Illinois 
Steel Co Gary industrial ob 


vorked for 


South 


erver, He ubsequently 
Carnegie-Hlinoi 
Chicago, as chief observer and me 
tallurgist, and for Youn; 
& Tube Co Youngstown, a teel 
| metallurgist Prior to hi 


plant 
death Mr Atchinsor Vil ociated 


Steel Co 


town Sheet 


vith Sheffield Steel Corp Kansa 


NECROLOGY 


Date Date of 
blected Name Death 

m9 CG tel 27, 1957 
I 

H iM. Holl tad 
b bet i 


Personnel 
(Continued from page 1017) 


department of metallurgy within a 
Prefer Ph.D will con 
der an MS. Must have 
ability and leades 


yeal Linnie 


demon 


hip. Interested chemical engi 
neering praduate with ore 
perience and interest in a chemical 
engineering ipproach to metallurgy 
is well as from graduates in metal 


lurey. Location, West. W5041-2918 


San Francisco 


Development Metallurgists, «rad 


uate for technical development of 
ferroalloy master alloy and spe 
cial metal vhich are used in the 


production of: 1) carbon and low al 


loy steels (open hearth and electri 
furnaces) 2) tainle tool 
teel and high temperature alloy 

cast fuctil and malleable iron 
1) aluminum and copper alloy ti 
tanium metal and other nonferrou 
field Should have five or more 
eul practical experience inp pro 
ductior proce ing, and metallurgi 
eal de velopment hould have abil 


it to carry out constructive field a 
yniment in pilot and production 
Salarie open. Location 


W4716 


oper ition 


Midwest 


Mill Foreman, to 4 t mull uper 


intendent of new 200-tpd copper 
inc operations ino metallurgical op 
erational and maintenance 

Ex perience ‘ ential Company will 


provide housing high chool avail 
ible Salar $7200 to 


Location Vnizona, S2950 


Metallurgists, S. degree in en 
pineering yvounyp for both plant 
production and research and devel 
opment problems involved in stain 


le teel manufacturing Excellent 
opportunit to becore established 
in large and propre ve organiza 


tion and to work with new pradse 
of stainle teel 


tion, East W 4305 


open 


PROFESSIONAL SERVICES 


Limited to AIME members, or to companies that have at least one AIME member on 
their staffs. Rates $40 per year per inch 


ALLOY METAL PRODUCTS, INC 


Consultants 


Rockingham Rood 


Davenport, lowa 


H. L. TALBOT 


Consulting Metallurgical Engineer 


Ext thor Refinu Met 
j j feta 


it and Coppe 


Room 911, 209 Washington St 
Boston 6, Mass 


MAX STERN 
Consulting Engineer 


10 East 40th St New York 16,N.Y 


OR TSUTSUMI 

Registered Japanese Patent Attorney 4 
Consulting Engineer 

PATENT MATTE handled TECH 


TEXT ted from Japan 


Central P.O. Box 1545 Tokyo, Japan 
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COMING EVENTS 


Sept. 10, IME, NOHC igo 
cal Midilot} an Cour 
try (hicayvo 

Sept. 13, AIME St. Loui ection 
oint meeting with Amer. Chemi 
Soe Loui Section Hotel 
York, St. Loui 

(et. 3-4, AIMEE, NOHC Southwesterr 
Local Section, fall meeting, Shan 
rock Hotel, Houston 

Oct. 6-10, Electrochemical Soc tat 
ler Hotel Buffale 


et. 7, AIMI NOHC Chi igo Loca 
ection, Phil Smidt Restaurant 
(hicuype 

Oct. 10-11, Joint Solid Fuels Confer 
ence, ASME-AIME Coal Div., Cha 
teau Frontenac, Quebec 

Oct. 11, AIME, NOHC Eastern Local 
Section lith annual technical 
meeting, Sheraton Hotel, Phila 
Iphia 

(bet. 16, AIME New York Local See 
tion I’) cu Metallury Group 
plant trip Poughkeepsic 
N ¥ 

Oct. 18-19, AIMEE, NOHC Southern 
Ohio Local Section annual meet 
ing, Deshler-Hilton Hotel, Colun 
bu 

Oct. 30-Nov. 1, AIME Rocky Moun 
tain Minerals Conference, Denver 


Nov. 1, AIME Pittsburgh Section and 
NOHC Pittsburgh Section, 12th 
annual Off-the-Record Meeting 


Penn-Sheraton Hotel, Pittsburgh 


Nov. 2-8, Second World Metallurgi 
cal Conpre Chicago 

Nov. 3-7, AIME, IMD Fall Meeting 
Morrison Hotel, Chicago 

Nov. 5, AIME, Iron and Steel Divi 
ion, Technical Sessions, Morrison 


Hotel, Chicago 


NOHC Buffalo Local 
meeting Royal 
Hamilton, Ont 


\IME 
annual 


Hotel 


Nov. 12, 
Sectior 
Connaught 


Canada 


Electric Fur 


Penn-Shet 


Dec. 4-6, AIME, 15th 
Steel Conference 


Hotel, Pitt 


nace 
aton burgh 


Feb. 16-20, 1958, AIME Annual Meet 


Statler and Sheraton-Me Alpin 
Hotel Ne York 
Apr 14-16, \IMF fist National 
(Open llearth Steel and Blast Fur 
Coke Overt ind Ra Mate 
( ference Hotel Statler 
Cl land 
May 5-6, AIMEE. Confers e on Prop 
orth of iH h-Strengeth Stee! 


Hotel, Pittsburgh 


Penn- Sheraton 
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PRODUCTION VACUUM MELTING OF 
REFRACTORY METALS AND PRECISION SUPERALLOYS 


Offers 5 important product advantages! 


Test results on over 400,000 pounds of various nickel-base 
and iron-base superalloys hardened by titanium and/or 
aluminum additions show that remelting under vacuum by 
the consumable electrode process offers these distinct 
advantages over direct-arc furnace melted materials: 
@ Higher degree of cleanliness through removal of 
non-metallic inclusions and excess gases 
@ Better compositional homogeneity through freedom 
from segregation 
@ Improved workability and ingot soundness resulting 
in increased yields 
@ General improvement in mechanical properties 
@ Large homogeneous superalloy ingots at great speed 


and relatively low cost 


lor further details | ECTROMELT FURNACE DIVISION 


326 32nd Street, Pittsburgh 30, Pennsylvanic 


engineering service, urite flo 


| 
ectro me 
| is pleased to announce that i 
LecTROMELT FURNACE piviIsiON. 
mcGRAW-EDISON COMPANY 
~ will manufacture and sell the new 
CONSUMABLE ELECTRODE VACUUM MELTING FURNACE 
; to companies licensed for this production technique by a 
pALLEGHENY LUDLUM STEEL CORPORATION 
) or TITANIUM METALS CORPORATION OF AMERICA . 
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A NEW METALLURGICAL TOOL FOR THE 
PRODUCTION OF HIGH QUALITY CAST IRON 


We offer to the American industry the speeds up the recarburizing rate and the 
AJAX-JUNKER 60 cycle coreless induc- solution of alloy ingredients. 

tion furnace for melting or superheat- 
ing cast iron, and particularly for the 
production of ductile cast iron. The 
AJAX-JUNKER is economical in foun- 
dries with intermittent operation and 


High temperatures required for many 
quality castings are easily attained. Uni- 
form heat is generated within the melt 
and the furnace lining is at a lower 


frequent alloy changes. It melts loose somperature. 


turnings with high recovery. The photograph shows a 6-ton Junker 


Electromagnetic stirring of the melt en- coreless induction furnace in a German 
ables close control of composition. It foundry. 


May we explore the possibilities of this new method with you? 


60 CYCLE INDUCTION MELTING 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 


Associated Companies Ajax Electrothermic Corporation Ajax Electric Company 
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